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1959 Iodine Research Award 
Nominations Requested 
Prior to January 1, 1959 


Nominations are now being received by the AMERICAN PHARMACEUTICAL 
ASSOCIATION for the 1959 Chilean Iodine Educational Bureau, Inc., Award 
recognizing outstanding research in the chemistry and pharmacy of iodine 
and its compounds as applied in pharmacy or medicine. 


The award consists of $1,000 and a diploma setting forth the reasons for 
selection of the recipient. It may be presented each year at the annual 
meeting of the ASSOCIATION. 


Any member of the ASSOCIATION may propose a nominee by submitting 
eight copies of each of the publications to be considered in the competition, 
a biographical sketch of the nominee including date of birth, and a list of 
his publications. Eight copies of the nomination must be submitted to 
Robert P. Fischelis, Secretary of the AMERICAN PHARMACEUTICAL As- 
SOCIATION, 2215 Constitution Ave., N. W., Washington 7, D.C. To be 
eligible for the 1959 Award, nominations must be received on or before Janu- 
ary 1, 1989. 


A nominee must be a resident of the United States or Canada. He 
must have accomplished outstanding research in the chemistry or pharmacy 
of iodine and its compounds as applied in pharmacy or medicine. 


During the period covered by the nomination the nominee shall have 
been actively engaged in, shall have completed, or shall have published a 
report upon the line of investigation for which the award is made. During 
the period of two years prior to the date of nomination, the nominee shall 
not have been engaged in research under the sponsorship of the Chilean 
Iodine Educational Bureau, Inc. 


The recipient will be selected by an award committee which is appointed 
by the chairman of the AssocraTion’s Council. The present committee 
includes Justin L. Powers, chairman; F. F. Blicke, E. A. Brecht, John E. 
Christian, Stanley G. Mittelstaedt, Lloyd M. Parks, and Linwood F. Tice. 


The recipient will deliver a paper or lecture upon the subject of his 
scientific work at the meeting at which the award is conferred. His paper, 
or address, will then be published in the JouRNAL OF THE AMERICAN 
PHARMACEUTICAL ASSOCIATION. Travel expense to the meeting at which 
the award is to be made is provided for up to $250. 


The award is now in its eleventh year. The recipient of the first award 
was Dr. William T. Salter, Yale University pharmacologist; the second re- 
cipient was Dr. George M. Curtis, Chairman of the Department of Sur- 
gical Research and Professor of Surgery at Ohio State University, and the 
third was Dr. C. P. Leblond, Professor of Anatomy, McGill University, 
Montreal, Canada. The fourth award was shared jointly by Dr. George 
Moore of the University of Minnesota Medical School and Dr. Moses 
Ashkenazy, Chief of Neurosurgery, Veterans Hospital, Houston, Tex. 
Dr. Vernon H. Wallingford, Mallinckrodt Chemical Works, St. Louis, 
Missouri, was the recipient of the fifth award. Dr. Jack Gross, Associate 
Professor of Anatomy, State University of New York, College of Medicine 
in Brooklyn, received the sixth award and Dr. Dominick Papa, Schering 
Corporation, Bloomfield, N. J., received the seventh award. The eighth 
award went to Dr. John E. Christian, Professor of Pharmaceutical Chemis- 
try, School of Pharmacy, Purdue University, Lafayette, Indiana. The 
ninth award was conferred on Dr. James O. Hoppe, Research Pharmacolo- 
gist, Sterling-Winthrop Research Institute, Rensselaer, New York, during 
the 1957 Convention of the AMERICAN PHARMACEUTICAL ASSOCIATION. 
No award was made in 1958. 
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NOTICE TO AUTHORS OF PAPERS 


Manuscripts.—All manuscripts submitted to the 
Editor or presented to the Sections of the Assocta- 
TION should be ready for publication, typewritten 
with double spacing on one side of good quality 
paper 8.5” x 11” in size and with 1” to 1.5” margins. 
In addition to the original typewritten copy, one or 
more carbon copies should be submitted in order 
to facilitate examination by members of the Editorial 
Advisory Board or other referees. Each manuscript 
should include a summary to be used as an introduc- 
tory synopsis of not more than 150 words which in- 
cludes a summarization of conclusions and recom- 
mendations. All pages in manuscripts, including 
tables but not figures, should be numbered consecu- 
tively. Previously published and readily accessible 
procedures which have been followed in experi- 
mental work should not be made a part of the manu- 
script, but should only be referred to by appropriate 
literature references. 


Form of Presentation.—Titles of manuscripts 
should be kept as short as possible and preferably 
restricted to one line. The name of the laboratory 
in which the work described was done should be 
placed in a footnote at the end of the first page. 
Each manuscript should begin with one or more 
introductory paragraphs indicating the intention 
and meaning of the investigation and the method 
of procedure. The introduction should be followed 
by a report of the essential details of the experi- 
mental work, and a discussion or interpretation 
where necessary. Authors may find it helpful to 
arrange manuscripts to conform to the style of 
presentation as illustrated in papers on analogous 
subjects published in recent issues of Tats JouRNAL., 

In preparing manuscripts for publication in Turs 
JOURNAL, center headings should be avoided as far 
as possible. Side headings followed by a period and 


dash should be indented and run into the part of 


the text to which they apply. Such side headings 
may be used as freely as desired. Literature cita- 
tions should be numbered consecutively in order of 
appearance in the manuscript and should be indi- 
cated by full-sized Arabic numerals enclosed in 
parentheses. If a literature reference is cited more 
than once in a manuscript, subsequent citations. 
should be indicated by the first number assigned 
References to footnotes throughout the text should 
be numbered consecutively by superscript Arabic 
numerals, but such references in each table should 
be designated by superscript lower case letters 
beginning with “a’’ and continuing in natural order. 
Literature citations should be grouped at the end of 
the manuscript under the heading “References.” 
All bibliographic references should be checked with 
the original publications. The citations should 
be numbered consecutively with full-sized Arabic 
numerals enclosed in parentheses correspoding to 
the numbers used in the text. The names of all 
periodicals cited in the list of references must be ab- 
breviated in accordance with abbreviations given by 
Chemical Abstracts in its ‘List of Periodicals Ab- 
stracted."” The sequence followed in the citations 
must be as follows: 


(1) Doe, J. B., Am. J. Physiol., 79, 289(1927). 


References to books should be in the order given 
(1) author’s surname and initials, (2) title of the 
book, (3) volume, (4) edition, (5) name of publisher, 
(6) place of publication, (7) year of publication, and 
(8) page number. A complete book reference may 
be illustrated as follows: 


(1) Gilman, H., “Organic Chemistry,” Vol. 2, 


2nd ed., John Wiley and Sons, New York, 1943, pp. 
1236, 1252. 


Arabic numerals must be used to designate all 
definite weights, measurements, percentages, and 
degrees of temperature unless occurring at the be- 
ginning of a sentence, in which case the numeral 
and measurement are spelled out. Periods of time 
should be written in words. Unusual characters 
and Greek letters should be written plainly and 
legibly or should be explained by notes on the 
margin of the page. Fractions should be written 
with a slant line. Standard abbreviations should 
be used whenever weights and measures are stated 
in the metric system, e. g., 10 Gm., 2.5cc., ete. The 
forms to be used are: cc., Kg., Gm., mg., mcg., 
mm., cm., and L. 


Figures.—All drawings should be made in India 
ink, preferably on white tracing paper or cloth. 
Original drawings are preferable, but clear, well- 
prepared glossy photographic prints are acceptable. 
The size of illustrations should not exceed the 8.5” x 
11” manuscript size. They should be designed for 
reduction to the width of one column (2.75") or 
full page width (5.5"). Thus, height rather than 
width should be accentuated where possible. 


Numbers and measurements, etc., which are to 
appear on the axes of the drawing should be indi- 
cated in pencil outside the axes, in order that they 
may be setin type. Captions and legends should be 
placed below the diagram (not on it), or, if lengthy, 
collected on a separate typewritten list, identifying 
each by its proper figure number and including 
whatever acknowledgments are necessary. 


Photographs should never be rolled, and paper 
clips should not be used unless guarded by a piece of 
paper folded several times to prevent an indentation 
in the photograph. All drawings and photographs 
should be protected from bending and from the 
chance of having their edges torn while in transit. 
Do not write on the back of a photograph. Any 
indentation in the photograph, however slight, will 
be likely to show as a blemish in the reproduction. 
All figures submitted must be referred to in the text 
of the manuscript, and should be numbered consecu- 
tively with Arabic numerals, e. g., Fig. 1, Fig. 2, etc. 
Kymograph tracings should not be eka ‘with 
the original experimental legends which are likely 
to have been hastily or carelessly inscribed. Authors 
may find it worth while to employ a professional 
draftsman to make the drawings in proper form for 
reproduction. 


Tables.—Tables should be carefully constructed 
so that the data presented may be understood easily. 
The indiscriminate use of tables should be avoided. 
Tables should be constructed so as to occupy fully a 
single column (2.75") which will take about 40-50 
characters and spaces. Tables which require two 
columns are also acceptable. Interpretative state- 
ments should not be written on the body of a table 
but should be explained in footnotes. Column heads 
should be made as small as possible and standard 
abbreviations should be used liberally. Data which 
may easily be deduced by simple arithmetic from 
data in another column should not be included. All 
tables should be referred to in the text of the manu- 
script. Every table and every column should be 
supplied with an appropriate heading. It is not 
necessary to place tables on separate sheets, and in 
fact it is preferable to intersperse them in the manu- 
script. Tables should be numbered consecutively 
using Roman numerals. The table number and the 
title should be placed in a continuous heading 
above the data presented. The preparation of a 
clear and concise table of data requires much plan- 
ning and infinite care. 


lll 


JOURNAL OF THE AMERICAN PHARMACEUTICAL ASSOCIATION Vol. XLVII, No. 12 


Display the APhA 
Code of Ethics 


...@ mark of 
professional prestige 


Beautifully 
printed in 3 colors 


ON LAMINATED BOARD 
12” x 18", washable, permanent, “easled” for 


counter display, “ringed” for wall 
hanging. Postpaid $3.00 


ON HEAVY STOCK 
suitable for framing, 10” x 16”. 


American Pharmaceutical Association 
2215 Constitution Ave., Washington 7, D.C. Ss 
Please send me copies of the A.Ph.A. Code of 
Ethics on [) Laminoted Board [] Heavy Stock. 
Enclosed is my checked (or money order) for $ 


Nome 


the 

New Look 

in 
Pharmaceuticals 


Antibiotics 
Anti-histamines 

Athlete's Foot Preventives 
Bactericides 
Bandage Sprays 
Burn Ointments 
Foot Relief Sprays 
Nasal Relief Sprays 
Sunburn Lotions 
Tropical Anesthetics 


A MODERN as the miracle drugs are 
the new “aerosol pharmaceuticals”. 
Although still in the development 
stages, the specific advantages of pres- 
surized packaging make it ideal for the 
drug industry. The D&O Aerosol Test- 
ing Laboratories have been engaged in 
pharmaceutical research program for 
more than three years. During this time 
a number of specific fragrances and 
masking odors have been developed 
and thoroughly tested in the aerosol 
medium. If you plan to market a phar- 
maceutical aerosol, the information and 
experience gained by the D&O Labora- 
tories can be of invaluable assistance. 
We will be happy to place it at your 
service. 


OUR 160th YEAR OF SERVICE 


ESTABLISHED 1198 


DODGE & OLCOTT. INC. 


180 Varick Street + New York 14, N. Y. 
Soles Offices in Principal Cities 


Essential Oils 
Aromatic Chemicals 
Perfume Bases 

Flavor Bases 

Dry Seluble Seasonings 


ge? 
on, 
=: 
th : 
Postpaid $1.00 
J | 


December 1958 


ScientTiric EDITION 


Pins pleasant palatability in new pharmaceuticals and 
proprietary medicinals is much simpler today due to the many 
achievements of modern flavor technology. 


“SEALVA” dry flavors (hermeticaliy-sealed inert flavoring 
materials of exceptional quality) offer special advantages 
for products in powder, grain, flake, tablet and oil-sus- 
pension form. 


“ALVA” flavor constituents developed specifically for 
controlling unpleasant taste in liquid pharmaceuticals 
products. 


The pharmaceutical section of the Alva Research Laboratory is 
unmatched in experience and ability in treating unusual palat- 
ability problems in medicinals. Each problem is treated individu- 


ally. May we help you? 


van Ameringen-Haebler, Inc. 


521 West 57th St. * New York 19, N.Y. 
New York * Chicago * Toronto * Paris 
Plants — Elizabeth * Union Beach, N. J. 


JOURNAL OF THE AMERICAN PHARMACEUTICAL ASSOCIATION Vol. XLVII, No. 12 


CHEMICALLY 


OINTMENT BASES AND EMULSIFIERS which contain 
Lanolin Cholesterols in their Most Active Form. 


These stable cholesterol and multisterol surfactants 
induce rapid drug release, promote optimum healing 
rates, and are safe for the most delicate tissues. We 
know of no case of an allergy due to an AMERCHOL.” 


Modulan® is the acetyl derivative of 
pure lanolin’ with unique new properties for use in 
OINTMENTS AND EMULSIONS. It imparts waxy, pro- 
tective hydrophobic films; is oil soluble and compatible 
with O/W emulsions, soaps and shampoos. Clinical in- 
vestigations indicate that MODULAN IS HYPO- 


T¥ S$. PAT. NO. 2,725,334) 


e 
e 


"References, technical data and suggested formulations 
are available from our research laboratories. 


American Cholesterol Products 


INCORPORATED 


AMERCHOL PARK EDISON, NEW JERSEY 


FOR SUPERIOR PRODUCTS 


NOTICE 


PAPERS FOR SECTION MEETINGS 
OF THE AMERICAN PHARMACEUTICAL ASSOCIATION 


The next annual meeting of the American Pharmaceutical Association will be held 
in Cincinnati, Ohio, August 16 to 21, 1959. Titles and abstracts (not to exceed 
200 words) of papers must be submitted to the appropriate Section secretary 
not later than June 1, 1959, or preferably earlier, in order to assure a place on 
any Section program. 


SECTION SECRETARIES 
SCIENTIFIC PHARMACEUTICAL ECONOMICS 


Rosert C. ANDERSON Benzamin A. Surre 
Eli Lilly and Company 5206 Winston 
Indianapolis, Ind. Indianapolis 26, Ind. 


EDUCATION AND LEGISLATION PRACTICAL PHARMACY 
Wis. Washington 7, D. C. 


A STUDENTS 
HISTORICAL PHARMACY 
Geornce B. Gairrennacen 
Smithsoni ituti rkview Pl. 
Washington 25, D. C. . Louis 10, Mo. 


Vi 
at 
ALLERGENIC." | 
(EA | 
| 
= 
: 
| 
| 
| 


Scientific Edition 
JOURNAL OF THE 


AMERICAN PHARMACEUTICAL 
ASSOCIATION 


Votume XLVII DECEMBER 1958 NuMBER 12 


A Photometric Determination of Vitamin D in 
Presence of Vitamin A* 


By M. SCHMALL, B. SENKOWSKI, R. COLARUSSO, E. G. WOLLISH, 
and E. G. E. SHAFER 


A procedure suitable for the relatively rapid photometric determination of vitamin D 
in [pena of vitamin A in simple mixtures, such as dry vitamin A and D powders 
and some multivitamin preparations, is presented as a “Basic Method,” using chro- 
matography on Florex XXS. Modifications of the method to provide applications 
of the procedure to numerous polyvitamin products also are described. The great 
diversity of formulations of such preparations may necessitate the use of various 
techniques for the removal of interfering substances. Several of these techniques, 
such as preliminary extraction with petroleum ether or the use of an alumina or poly- 
ethylene powder chromatographic column in conjunction with the “Basic Method,” 
are provided. The advantages and limitations of the different modifications are 
discussed. A comparison of results with those obtained by the U. S. P. bioassay 
procedure (Table I) shows the accuracy and precision obtainable. 


A’ PRESENT THE U. 8S. P. biological method is 
the only official procedure for the assay of 
vitamin D. A prerequisite to the application of 
that procedure is the service of experienced 
personnel and a_ serious disadvantage in 
the method is the time required to deplete the 
animals and run the test. The assay is compli- 
cated and time-consuming and its results are 
subject to a considerable margin of error. These 
undesirable features, together with the high 
costs of maintaining animal colonies for the 
work, have made a chemical method for vitamin 
D in presence of other vitamins, including 
vitamin A, very desirable. For many years 
this goal has presented a real challenge to the 
analytical chemist. 
The problem of devising a method could be 
divided into (a) a need for a method applicable 
to simple mixtures of vitamins A and D, and 


* Received October 10, 1958 from the Analytical Research 
Laboratory, Hoffmann-La Roche Inc., Nutley, N. J. 

The authors wish to express their appreciation to Mr. 
Joseph Mapett for his advice and to Mrs. Velta Kalme, Mrs. 
Lois Hor, Mrs. Ingrid Fischer, and Mr. Salvatore Alessi for 
their valuable assistance 
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(b) a method applicable to complex pharmaceuti- 
cal polyvitamin preparations which might also 
contain emulsifiers and other sources of inter- 
ference. For either purpose, a separation of D 
from A was required since no known chemical 
reaction is sufficiently specific to permit deter- 
mination of D in the presence of A. 

Numerous attempts toward solving this 
problem have been reported in recent vears. 
Tschapke and Plessing (1) adsorbed the vitamin 
A alcohol, after saponification, on purified kaolin, 
using chloroform as the solvent. These investi- 
gators determined vitamin D in the filtrate with 
stannous chloride reagent. Very recently the 
same authors reported on the determination of 
vitamin D in irradiated yeasts and ergosterol 
solutions (2), mentioning that they had encoun- 
tered difficulties due to the variable quality of 
the available kaolin. For this reason they 
changed to activated talcum as adsorbent for 
interfering impurities, including vitamin A. 
When we applied this principle directly to sa- 
ponified extracts of vitamin D and A mixtures 
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in the ratios usually found in pharmaceutical 
dosage forms, considerable amounts of vitamin 
A were eluted, which interfered with the deter- 
mination. 

Other authors attempted separation by means 
of various adsorption columns (3-5) and paper 
chromatographic procedures (6, 7). Only very 
recently Wilkie, Jones, and Kline (8) presented a 
novel approach with a method involving sa- 
ponification, extraction, and chromatography on 
alumina and magnesium oxide columns, followed 
with colorimetry by means of the antimony 
trichloride reaction according to DeWitt (9). 
An ingenious type of reaction blank is introduced 
by these workers using acetic anhydride as color 
inhibitor, which together with internal standards 
helps to compensate for high blank values. 
Several of the innovations described by these 
authors were utilized in our work. 

Wiss and Gloor (10) reported an excellent 
method for the separation of various forms of 
vitamin A, using reversed phase chromatography 
on polyethylene powder columns in an isopro- 
panol solvent system. This indicated that a 
separation of vitamin D from vitamin A was 
feasible. When such a system was applied for 
the determination of vitamin D in presence of 
vitamin A, the separations were not quite sharp 
enough for quantitative purposes. On the 
other hand, a heptane-tertiary butanol-methanol- 
water system, mentioned by Gloor (11) was 
found to permit a distinct separation of vitamin 
A alcohol from vitamin D on such a column. 

In attempts to apply this principle for the 
determination of vitamin D to dry powder forms 
of vitamin A with D, it was found necessary to 
saponify all samples containing vitamin A. 
Polyethylene powder “Hyfax"’ 1601 polymer, by 
Hercules Powder Co., Parlin, New Jersey, was 
substituted for the German ‘“‘Hostalen”’ Type W, 
initially used. When samples of saponified 
vitamin D-vitamin A powders were placed on 
such columns, it was found that a fluorescent 
band of unknown identity moved at the same 
rate as vitamin D, and gave a blue color with 
antimony trichloride. This band, which is 
probably due to some degradation product of 
the saponified vitamin A, and may be identical 
with the one described by Wilkie, et al. (8), 
interfered with the determination of vitamin D. 

Attempts were then made to separate this 
interfering band from vitamin D. After the 
saponified sample had been placed on the Hyfax 
column in order to separate the vitamin A 
alcohol, the interfering band plus the vitamin D 
was extracted, chromatogrammed on a Florex 
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XXS column and eluted with benzene. A good 
separation was achieved. This procedure is 
described as Method IV in the text. 

For many simple mixtures an easier and more 
rapid method usually suffices. This ‘Basic 
Method” employs a Florex column for the 
removal of most of the vitamin A, correcting for 
any remaining traces by applying Wilkie’s (8) 
color inhibitor and mode of calculation at two 
different wavelengths, together with the Nield 
(12) antimony trichloride reagent, described by 
Mulder, ef al. (13). The initial saponification 
and extraction is carried out similarly to the 
procedure of Napoli and Senkowski (14). This 
procedure is presented as Method I. 

Where interferences were encountered with 


Method I, particularly in more complex multi- 


vitamin preparations, an additional preliminary 
extraction step with petroleum ether was intro- 
duced, which in many cases will remove the 
interfering substances. This modification is 
described as Method II. 

Method III entails direct saponification, 
extraction, and chromatography as per Method 
I, followed by chromatography on a column of 
alumina with about 8% water content. This 
procedure also offers an effective approach to 
the elimination of many interferences. 


PROPOSED METHODS 
Method I (Basic Method) 


(For the determination of vitamin D in presence 
of vitamin A in vitamin A and D mixtures and 
powders and in some multivitamin preparations. ) 

Reagents.—U. S. P. alcohol, eldehyde free; 50% 
w/w aqueous KOH; “Nield”’ antimony trichloride 
reagent, prepared according to Mulder, et ail. (13): 
Chloroform, purified as per above (13); Petroleum 
ether, reagent grade “Merck,” b.p. 30-60° C.; 
Benzene, reagent grade; Color inhibitor (8): mix 
chloroform and acetic anhydride in the ratio 1:1; 
Florex X XS, 60-100 mesh, the Floridin Co., Talla- 
hassee, Florida 

Chromatographic Column.—-A_ chromatographic 
column, about 30 cm. long, 14 mm. in diameter, with 
Teflon stopcock at the bottom. To the column, 
containing a small plug of glass wool and 15 ml. of 
petroleum ether add about 1 Gm. anhydrous sodium 
sulfate, followed by 5 Gm. of Florex X XS above the 
stopcock. The column is settled by gently tapping 
while the adsorbent is added, then 1 Gm. of 
anhydrous sodium sulfate is added on top (Fig. 1) 


Procedure 


Sample.—-Weigh the equivalent of about 4,000 u. 
vitamin D into a 250-ml. low-actinic Erlenmeyer 
flask. In case of powders or certain tablet formula- 
tions, ground to a fine powder, add 7 ml. of glyceria 
and mix until the entire mass is thoroughly wetted. 

For liquid preparations the glycerin may be 
omitted. 


| | 
- 
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Fig. 1.—-A. Florex XXScolumn. (Basic Method); 
1. Florex XXS with adsorbed vitamin A. (after 
heating); 2. Anhydrous sodium sulfate; 3. Florex 
XXS. B Polyethylene column. (Method IV); 
4. Hyfax powder; 5. Lower column with Hyfax 
powder. 


Saponification..{Adaptation of Napoli-Sen- 
kowski procedure (14)). Add 25 ml. of alcohol aad 
3.0 ml. 50°) KOH. Flush with nitrogen gas and 
reflux gently on a steam bath for thirty minutes. 

Cool rapidly to room temperature. Transfer to a 
250-ml. low-actinic separator fitted with a stopcock 
of about 3-mm. bore. Wash the flask thoroughly 
with 3 X 10 ml. of water and transfer to the sepa- 
rator. 

Wash the flask three times with 50-ml. portions 
of petroleum ether and transfer the washings to the 
separator. Flush the separator with nitrogen, add 
2-3 Gm. Na,SO,-10H,0, ground to a fine powder, 
and shake vigorously for one minute. Wait for 
complete separation 

Withdraw the aqueous layer and discard. Wash 
the petroleum ether with three 50-ml. portions of 
water, gassing the separator each time with nitro- 
gen. Transfer the petroleum ether layer through 
anhydrous Na;SO, to a low-actinic 250-ml. volu- 
metric flask and bring to volume with petroleum 
ether 

Standard.—Weigh accurately a quantity of 
crystalline vitamin D, and dissolve it in U. S. P. 
alcohol to result in a concentration of 2,000 units 
per ml. Pipet a 2.0-ml. aliquot of this standard 
solution into a low-actinic flask and add a measured 
quantity of a solution of high purity vitamin A ace- 
tate in alcohol to provide about the same potency of 
vitamin A as contained in the aliquot of the sample 
Saponify and extract in identical manner as de- 
scribed for the sample. 

Transfer 100-ml. aliquots of the petroleum ether 
extracts of the sample and standard, equivalent to 


S41 


about 1,600 units of vitamin D into separate low- 
actinic 250-ml. Erlenmeyer flasks. Add 5 Gm. of 
Florex XXS, fit each flask with an air condenser, 
and place in a water bath at 50° for fifteen minutes, 
swirling occasionally. Cool and transfer the entire 
contents quantitatively to the top of the Florex 
column, prepared as described under “‘Chromato- 
graphic Column.”” The petroleum ether can be 
withdrawn rapidly from the bottom of the column 
while the slurry is added on the top. Wash the 
flask with about five 10-ml. portions of petroleum 
ether, adding the washings to the column. Allow 
about 1 ml. of solvent to remain on the top of the 
column. Discard the petroleum ether upon its 
passage through the column pe 

Elute the column with 25 ml. of benzene at the 
rate of 1 drop per three seconds, collecting the eluate 
in a 250-ml. low-actinic suction flask. Continue the 
elution with 150 ml. more of benzene at the rate of 
1 drop per second. Evaporate the eluate carefully 
to about 10 ml. on a steam bath, applying partial 
vacuum and a stream of nitrogen to the suction 
flask. (A 250-ml. suction flask fitted with a cork, 
which contains a narrow glass tube or pipet, con- 
nected to a nitrogen source is suitable for the pur- 
pose.) Continue the evaporation to dryness at a 
temperature not exceeding 50°, using a continuous 
stream of nitrogen. 

Dissolve the residues from both standard and 
sample separately in exactly 5.0-ml. portions of 
chloroform. 

Set the Beckman spectrophotometer Model B, or 
equivalent instrument, at 0 absorbance at 495 my 
with a blank, consisting of 2 ml. of chloroform and 
5.0 ml. of Nield reagent 

To 2.0-ml. aliquots of sample and standard in 
chloroform add rapidly 5.0 ml. of Nield reagent and 
read the absorbance of these solutions at exactly 
sixty seconds after addition of the reagent. Reset 
the instrument at 0 absorbance at 550 my with the 
blank and read the absorbance of sample and stand- 
ard exactly thirty seconds later (or a total of ninety 
seconds after addition of the Nield reagent). 

To another 2.0-ml. aliquot of sample and standard 
in chloroform add 1.0 ml. of color inhibitor reagent 
and 5.0 ml. of Nield reagent. Again measure the 
absorbance at 495 and 550 my at sixty and ninety 
seconds, respectively, after addition of the Nield 
reagent. 

Calculations.—-The following calculation is de- 
signed to correct for traces of vitamin A which may 
come through the Florex column (Wilkie, ef a/. (8))- 


= sample absorbance at 495 my 
sample + inhibitor absorbance at 495 my 
= sample absorbance at 550 my 
= sample + inhibitor absorbance at 550 my 
(A — B X L.14) 067 X (C—-DX11I4)= E 
(corrected sample reading) 
F = standard absorbance at 495 mu 
G = standard + inhibitor absorbance at 495 my 
H = standard absorbance at 550 my 
/ = standard + inhibitor absorbance at 550 mu 
(F — G X 1.14) — 067 X (H — IX 1.14) = J 
(corrected standard reading) 
EXK 


- = units of vitamin D per Gm. or ml. 


A 
B 
D 


where: 


K = units of vitamin D standard in final 2-ml. 
aliquot 


? 4 3 ee 
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L = volume or weight of sample (Gm.) in final 
2-ml. aliquot 

0.67 = ratio of A absorbance of vitamin A at 
495 my/550 my, as reported by Wilkie, 
et al. (8), and confirmed in our labora- 
tory 

1.14 = correction for difference in volume due to 
addition of 1-ml. inhibitor to the 7-ml. 
test solution 


Results obtained with this method are reported 
in Table I. 


Comments.——This procedure is the most rapid of 
the methods we studied and is applicable to many 
products. We consider it as the “Basic Method.” 
In certain cases some vitamin A may be carried 
through the column, resulting in a blank, which is 
compensated for by addition of vitamin A to the 
standard, as directed. 

While this procedure was found to be useful with 
vitamin A and D mixtures and powders, and some 
multivitamin preparations, a distinct yellow color 
was encountered, instead of the typical orange, when 
the procedure was applied to certain multivitamin 
products 

It was often possible to eliminate this interference 
by the following modification: 


Method II 


(Similar to Method I (Basic Method) with extrac- 
tion as a pretreatment.) 

Mix an accurately weighed or measured quantity 
of sample, equivalent to about 4,000 units of vitamin 
D with 15 ml. of water in a 50-ml. glass-stoppered 
centrifuge tube, or, if necessary, a larger centrifuge 
vessel. Into another centrifuge tube pipet 2.0 ml 
of an alcoholic solution of crystalline vitamin D, 
at a concentration of 2,000 units/ml. Add a meas- 
ured quantity of pure vitamin A acetate solution in 
alcohol and—if the sample contains vitamin E— 
also of d,l-a-tocophery] acetate in the same quantities 
of the respective vitamins as contained in the ali- 
quot of the sample. The total quantity of alcohol 
should be kept to a minimum, preferably not ex- 
ceeding 5 ml. Add 15 ml. of water. Saturate the 
solution with crystalline sodium sulfate, adding 
about 1 Gm. excess 

Extract the mixtures of both sample and standard 
with six 25-ml. portions of petroleum ether, centri- 
fuge and withdraw the upper layer with a syringe 
Combine the extracts in different separators. Wash 
the extracts with six 50-ml. portions of water 
Transfer the petroleum ether to 250-ml. low-actinic 
flasks bring to volume and evaporate a 100-ml. 
aliquot to dryness on a steam bath, using partial 
vacuum and a stream of nitrogen, as described in 
Method I Dissolve the residues in 25 ml. of alcohol, 
saponify, and continue the procedure exactly as de- 
scribed under Method I. Carry out colorimetry 
and calculation exactly as described under Method I 
The results are shown in Table. | 

Comment.—lIn our experience with this modifica- 
tion the typical orange color of the final sample 
solution, just prior to measurement, showed that 
the interfering substances had been removed by the 
preliminary solvent extraction procedure. Although 
petroleum ether was found suitable for the pre- 
liminary extraction of the products tested, it is pos 
sible that it may not completely extract the vitamin 
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D from some preparations. In such cases a dif- 
ferent extractant may be required. 


Method III 


(Similar to Method I (Basic Method) modified 
by addition of an aluminum oxide column) 

Reagents.—-As in Method I, and in addition 
aluminum oxide with approximately 8° water 
content prepared as follows: Determine the moist- 
ure content of Merck aluminum oxide, reagent No 
71707, by heating for one hour at 230° in a muffle 
furnace. After cooling add sufficient water to a 
weighed quantity of alumina in a jar to result in a 
water content of 8°). Agitate two hours on a shak- 
ing machine and store in a tightly closed container 
(When a new batch of alumina is used, it is advisa- 
ble to determine that no vitamin D is eluted within 
the first 40 ml. of the mixed solvent. If vitamin D 
is detected, the moisture of the alumina should be 
decreased.) 

Benzene-petroleum ether, reagent grade (b. p 
30-60°) mixture in the ratio 3:1 (by volume) 


Procedure 


Column No. 1 (as in Method I). Column No. 2: 
A chromatographic column with Teflon stopcock, 
containing 10 Gm. of aluminum oxide, settled 
with petroleum ether 

Proceed as per Method I, and, if vitamins A and 
E are present in the sample, add about the same 
quantity to the standard. After the benzene eluate 
is evaporated to dryness, take up the residue in 10 
ml. of petroleum ether and transfer quantitatively 
to the aluminum oxide column. Wash the flask 
with three 10-ml. portions of petroleum ether and 
add the washings to the column. Wash the column 
with additional 10 ml. of petroleum ether which is 
discarded, allowing about 1 cm. of liquid to remain 
at the top 

Elute with the benzene-petroleum ether solvent 
at a rate of about 2 ml. per minute. Collect the 
first 30 ml. of the eluate in 5-ml. fractions. Eva- 
porate each fraction and add 5 ml. of chloroform 
and 5 ml. of Nield reagent. If vitamin A degrada- 
tion products are present, a blue color will appear 
If the fourth or fifth 5-ml. fraction gives a blue 
color with Nield reagent, continue the elution, test- 
ing 1-ml. cuts with Nield reagent until the reaction 
with Nield reagent becomes negative. Then elute 
the vitamin D from the column, using 120 ml. of 
benzene, collecting the eluate in a low-actinic 250-ml 
suction flask. Evaporate to dryness on a steam 
bath, using partial vacuum and a stream of nitrogen 
as previously described, and carry out the color- 
imetry as per Method I 

Comment.— This procedure will remove many vita 
min A degradation products, which may not have 
been held by the Florex column 


Method IV 


(Use of a polyethylene powder column prior to 
the Florex column.) 

Reagents.—-As in Method I, and in addition ter- 
tiary butanol—methanol—water—heptane (10) (25: 
75:50:100). Shake and allow to stand overnight. 
Upper layer—stationary phase Lower layer 
mobile phase. Polyethylene powder——‘‘Hyfax” 
1601 polymer, Hercules Powder Co., Parlin, N. J 


f 
| 
| 
| 
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TABLE I 


Method I 
A & D powder 39,000 
62,000 


Multivitamin liquid 


Recovery Experiments 
Powder containing vitamins 
C, Bi, Be, Bs, Bis, biotin, 
folic acid, niacin, PABA, 


panthenol, inositol 5,000 u 


Calculated 


Added 


D/Gm. 


D Found 
Bio- Method 


40,500 u./Gm. 
56,000 u./Gm. 


Chemically 
7,000 
400 
2,130 
2,190 


1,950 u./ml. 
1,950 u./ml 


. D/Gm. 


50,000 u. A/Gm 


Ditto, but without C 
50,000 u 


Method II 


Multivitamin liquid 


Multivitamin capsules 
Method III 

Multivitamin liquid 

Multivitamin liquid 


Method IV 

\ & D powder 62,000 
62,000 
60,000 

Recovery Experiments 

Powder containing vitamins 
C, B,, Be, Be, Bis, biotin, 
folic acid, niacin, PABA, 
panthenol, inositol 5,000 u 
50,000 u 
5.000 u 
50,000 u 


Ditto, but without C 


Column No. 1—A two-part column, the upper 
part about 25 cm. long, 14 mm. in diameter, with 
an open male glass-joint ¥ 14/35. The lower part 
consists of the joint plus a 2-cm. length, having a 
female glass joint and stopcock (see Fig. 1). 

Preparation of Column No. 1.—Join the two 
parts of the first column and place a small plug of 
glass wool at the bottom of the lower part. To 5 
Gm. of Hyfax in a beaker, add 4 ml. of the stationary 
solvent phase, mix well with a glass rod, add about 
20 ml. of the mobile phase to this mixture and pour 
into the tube. Place a small plug of glass wool on 
top of the column and pack gently to a height of 15 
em. Drain the excess solvent to the level of the sur- 
face of the column 

Column No. 2. 
Method I 


Chrematographic column used in 


Procedure 


Sample. 
vitamin D into an amber flask and saponify as in 
Method I 

Standard. 


U. S. P. alcohol to result in a concentration of 1,500 


Weigh the equivalent of 7,500 units of 


Dissolve crystalline vitamin D, in 
units/ml. Pipet a 5.0-ml. aliquot of the standard 
solution into an amber flask and add a quantity of 
pure vitamin A acetate solution in alcohol of about 
the same potency as cor tained in the aliquot of the 
sample solution. Saponify and treat in the same 
manner as the sample. 


5,000 u. D/Gm 
\/Gm 


Calculated 


Added 


D/Gm 
A/Gm 
D/Gm 
A/Gm 


D/Gm 


,500 u. D/Gm 


4,700 u. D/Gm. 


Transfer 200-ml. aliquots of standard and sample 
into separate amber 250-ml. Erlenmeyer flasks and 
evaporate to dryness at a temperature not exceed- 
ing 50°, using a stream of nitrogen. Dissolve the 
residue in 2.00 ml. of the stationary solvent phase 
Place exactly 0.5 ml. of this solution on the Hyfax 
column 

Allow this solution to penetrate into the column 
by draining the solvent from the column at a rate 
of 1 drop in 4 seconds. When the solution has 
reached the surface of the column, add about 1 ml. 
of the mobile phase, again draining the column 
until the liquid reaches the surface of the column 
Repeat this procedure 2-3 times or until the sample 
and standard have completely penetrated into the 
columns. This can be ascertained from the disap- 
pearance of the two layers on top of the column. 

Elute with the mobile phase at a rate of about 1 
drop per three seconds until all vitamin A alcohol 
is in the lower part of the column, which can be ob- 
served under long-wave U. V. light. Vitamin D 
and any decomposition products from vitamin A will 
move only slowly, while the vitamin A alcohol 
moves at a more rapid rate. When vitamin A alcohol 
is in the lower part of the column, which can be ob- 
served by its fluorescence on the column under U. V 
light, separate the lower part at the joint, holding it 
horizontally. Wash the contents of the upper part 
of the column with 25 m!. of petroleum ether into a 
S0-ml. glass-stoppered centrifuge tube. Shake well, 


843 
: 6 
3 2,170 
5,000 1. 
44,900 
41.650 u. 
7 2.170 2,310 
2,460} 1.900 
1,300 2, 260 ul. 
1,400 
1,100 u./cap 
9 2,170 
‘ 
17 2,140 ‘ 
2,170 030 2,000 u./ml 
2,010 1,900 u./ml 
64 
62,000 Gm 
58000 58,000 u Gm 
55,000 u./Gm. 
= 
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centrifuge at 2,500 r.p.m. for one minute and decant 
the upper layer into a low-actinic 250-ml. suction 
flask. Repeat this extraction two times more 
Evaporate the petroleum ether extract on a steam 
bath using a stream of nitrogen and partial vacuum. 
Take up the residue in about 50 ml. of petroleum 
ether, add 5 Gm. of Florex XXS and continue with 
Method I, starting with, “. . . fit with an air con- 
denser ..."" Calculate as in Method I 

Results obtained with this method on various 
preparations are listed in Table I 

Comments.—-This method furnishes the sharpest 
separations of vitamin A and its degradation prod- 
ucts (yielding a blue color) from vitamin D, al- 
though it did not eliminate the yellow off-color, 
encountered in certain preparations. 

In order to increase the precision of this pro- 
cedure, a 1.00-ml. aliquot of A & D powder (sample 
No. 13, Table 1) was chromatographed instead of an 
0.5-ml. aliquot, as described in the procedure. Al- 
though some difficulty was encountered in absorbing 
the stationary phase, the results were satisfactory. 


CONCLUSIONS 


A basic method and three modifications for the 
chemical determination of vitamin D in presence of 
vitamin A are presented. 

We prefer to apply first the basic method (Method 
I) to a sample of unknown composition. If, as 
mentioned under “Comments” in Method I, a 
yellow off-color is encountered in the colorimetric 
step, Method II would be used 

If for any reason the vitamin D cannot be ex- 
tracted directly (as per Method I1), Method III 
would be substituted. It has the advantage of a low 
“blue” blank, but is more time-consuming than 
Method II. 


Method IV may be useful for special situations in 
which the ratio of vitamin A to vitamin D is con- 
siderably greater than 10:1 

In the case of low potency products (i. e., less than 
1,000 units D per dosage unit) Method II is pre- 
ferred. The size of the sample and the dilution 
steps are adjusted, so that the final solution in the 
colorimetric step contains about 400 units vitamin 
D when measured in a l-cm. cell. The set-sitivity 
may be increased further, to measure as low as 200 
units D, by use of a 2-cm. cell 

All procedures are relatively rapid. The basic 
method and Method II require less than 8 hours 
working time to run duplicate samples and stand- 
ards. Method III requires one additional hour, and 
Method IV, a total of about 11 hours working time. 
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The Effect of Dimercaprol on Amine Oxidase and 
Amino Acid Decarboxylase of the Normotensive 
and Hypertensive Rat Kidney* 


By DUANE G. WENZEL and GEORGE N. BECKLOFF 


The administration of dimercaprol to normotensive and hypertensive rats produced 

pressor and antihypertensive effects, respectively. Kidney amino acid decarboxylase 

and amine oxidase activities were determined manometrically using (+ )-3,4-di- 

hydroxyphenylalanine (DOPA) asa substrate. Decarboxylase/amine oxidase ratios 

are presented as suggestive evidence that the dimercaprol-induced changes in blood 
pressure are related to amino acid metabolism. 


M*" sulfhydryl compounds are true anti- 

hypertensives as they lower only elevated 
blood pressures. Normal pressures are raised 
(1). A possible explanation for this activity can 
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General Research Fund 


be related to the hypothesis that hypertension 
results from the improper metabolism of amino 
acids and that the sulfhydryl compounds correct 
this metabolic fault. The basis of this hypo- 
thetical metabolic fault would be a relative in- 
crease in the rate of amino acid decarboxylation 
compared to the rate of deamination. This 
implies that the pressor agent isanamine. There 
is considerable evidence to support the possible 
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role of pressor amines in hypertension, and some 
equally contradictory information. 

Supporting evidence includes the fact that in 
renal anoxia, a popular method for the production 
of experimental hypertension, the amine oxidase 
is adversely affected as it is aerobic, while the 
process of amino acid decarboxylation {s anaero- 
bic and would be unaffected. It has been ob- 
served that a decreased oxygen consumption 
occurs with the ischemic kidney (2). Holtz, 
et al. (3, 4), have demonstrated with anaerobic 
kidney tissue that (—)-3, 4-dihydroxypenylal- 
anine (DOPA) is converted into the 
In the presence of adequate 


pressor 
hydroxytyramine. 
oxygen this pressor agent was converted to the 
depressor dihydroxyphenylacetaldehyde. Simi- 
lar results were obtained by Bing (5, 6) who 
obtained a pressor substance by perfusing an 
ischemic cat kidney with DOPA. Extending 
this observation to humans, Oster and Sorkin 
(7) reported the injection of DOPA to produce 
stronger pressor reactions with longer durations 
in hypertensive individuals than in normoten 
sives. The blood of renal-hypertensive dogs 
demonstrates a positive tyramine test (8) al- 
though some (9) have been unable to obtain this 
Blood and urine total amine levels 
It may 


reaction. 
tend to be raised in hypertension (10). 
be significant that both these values in malig- 
nant hypertension are close to normal. 

Page and Reed (11) have presented evidence 
to deny the role of improper amino acid metabo- 
lism as a causative factor in, at least, experimental 
hypertension. They found DOPA to produce a 
pressor response in normal, hypertensive, hypo- 
physectomized, and nephrectomized rats. In 
fact, the rise was greatest in the nephrectomized 
animals. 

The hypothesis tested in this communication 
was that the characteristic effects of dimercaprol 
on blood pressure are related to alterations in the 
ratio of kidney decarboxylase/amine oxidase 
activities. 


EXPERIMENTAL 


Methods.—-Male, black-hooded rats weighing 
approximately 200 Gm. were used as experimental 
animals for the production of renal hypertension. 
The procedure of Drury (12) was used to induce 
hypertension.' Animals were anesthetized by the 
intraperitoneal administration of 35 mg./Kg. so- 
dium pentobarbital and the kidneys exposed by a 
midline abdominal incision. A nichrome_ wire 
(0.0145 inch O. D.) was placed along the axis of the 


1 Grateful acknowledgment is made to Dr. J. H. Tilden, 
Eli Lilly and Company, for essential details of this procedure 
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right renal artery and the artery and wire tied 
snugly together with a nylon thread using two sets 
of square knots. If the knot was tied with the 
correct amount of tension, a slight resistance was 
encountered to the removal of the wire, but the 
kidney quickly reverted to its normal color. The 
left kidney was then removed using care to avoid 
injury to the adrenal gland. Blood pressure read- 
ings were obtained from the tails of unanesthetized 
animals with the microphonic manometer described 
by Friedman and Freed (13). Normal systolic 
pressures averaged about 100 mm. Hg. One to 
three weeks after constriction of the renal artery 
the pressure reached about 150 mm, Hg. The 
mortality rate was approximately 45%. 


Four groups of ten rats per group were established 
to determine the kidney decarboxylase and amine 
oxidase activities. Two groups were normotensive 
and two hypertensive. One normal group and one 
hypertensive group were treated with dimercaprol 
prior to the kidney enzyme determinations. The 
dimercaprol in oil (40 mg./Kg.) was injected intra- 
peritoneally and the blood pressure determined at 
rapid intervals until it reached a level where it 
became stabilized. At this point the animal was 
quickly sacrificed by a blow on the head, the re- 
maining kidney removed and placed in a saline bath 
at a temperature of 3°. Two animals were treated 
in this manner in quick succession and the kidneys 
pooled for further treatment and study. 


Enzyme extracts of the kidneys were prepared 
in acold room (3°). The kidneys were first trimmed 
of fascia and necrotic tissue and gently pressed 
between filter paper to remove excessive moisture. 
They were then weighed and grouad with 1.5 Gm. 
of purified sand for ten minutes. Three milliliters 
of M/15 phosphate buffer, pH 6.80, were added 
tothe mortar and the grinding continued for ten more 
minutes. The mixture was transferred with wash- 
ing to a centrifuge tube and the volume adjusted 
with buffer to correspond to a concentration of 
7.2 ml. per Gm. of tissue. The mixture was shaken 
for one hour with a mechanical shaker, centrifuged 
at low speed for five minutes, and the supernatant 
liquid carefully decanted from the precipitate and 
saved 


Enzyme activities were determined manometri- 
cally using (+)-3,4-dihydroxyphenylalanine (DO- 
PA) as the substrate. Amine oxidase activity 
was determined by the oxygen uptake according to 
the procedure of Raska (2). Decarboxylase was 
measured by the CO, evolution (14) on separate 
samples. Carbon dioxide evolution or oxygen 
uptake was measured for two hours and the results 
divided by two to give the activity per hour. Two 
or three replications were obtained from each pooled 
kidney pair, and the mean values used. In those 
instances where only two determinations were made, 
the weight of the combined kidneys was inadequate 
to prepare enough enzyme extract for six determina- 
tions. The mean CO,/O,; per hour ratios were 
calculated for each experimental group. As the 
kidneys from two animals were pooled to obtain the 
CO,/O, values and there were ten animals per 
group, the mean values represent a total of five 
individual ratios. The standard error of the means 
and the significance of the differences of the means 
were calculated (15). 
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Tasie |.—Errect oF DIMERCAPROL ON BLOOD PRESSURES AND KIDNEY ENZYMES OF 


Controls* 


NORMOTENSIVE AND HYPERTENSIVE RATS 


Dimercaprol-Treated*® 


Normotensive Hypertensive ‘Normotensive Hypertensive 
Mean blood pressures 
(mm. Hg) 99.5 + 1.91 149 + 1.82 100.6 + 2.47 147.8 + 1.82 
After Dimercaprol 105.4 + 2.45 123.0 + 2.23 
Mean CO, liberation 31 41 40 2 
in wl. /hr (7-42) (12-56) (24-58) (10-42) 
Mean OQ, uptake in 268 297 247 298 
pl./hr (193-312) (220-353) (200-332) (248-351) 
Mean CO,/O, ratios’ 0.115 + 0.005 0.134 + 0.021 0.165 + 0.021 0.098 + 0.018 
(.098-—. 129) (.051—0 . 239) (.096—.208) (0060-0 . 127 
NS 
P<0.05 NS 
* Figures in parentheses are the ranges. 
® COs/O> ratios are the means of the individual ratios 
RESULTS AND DISCUSSION SUMMARY 


The effects of dimercaprol on the blood pressures 
of the normotensive and hypertensive rats were 
essentially the same as reported for humans (6) 
Dimercaprol significantly lowered the blood pres- 
sure of the hypertensive animals and, although the 
increase in pressure of the normotensive animals was 
too little to be significant, al) normal animals re 
sponded quite uniformly. 

The effects of hypertension and dimercaprol on 
DOPA decarboxylase and amine oxidase are some- 
what equivocal If the individual CO,/O, ratios of 
Table I are compared without regard for signifi- 
cance, it is seen that both hypertension and the 
effect of dimercaprol on normotensive animals in- 
crease the ratios. The implication is that renal 
anoxia and dimercaprol raise the blood pressure 
through the same mechanism; namely, the in- 
creased production of pressor amines. The dif- 
ference iu the ratios of the normotensive controls 
and the normotensive-treated animals and the dif- 
ference between the normotensive-treated and the 
hypertensive-treated are significant, but barely so 
at the 5°) level (14) 

The mean values for amine oxidase activities are 
quite close considering the ranges involved. Cruz 
Coke, et al. (16), have reported no difference in the 
oxygen consumption of normal and ischemic rat 
kidneys, in their case, however, without a sub- 
strate. The greatest apparent change observed in 
the present study was in the DOPA decarboxylase 
activity. If the effects on the ratios and presumably 
on the pressor action are real, they appear to be 
related to the relative increase in decarboxylase 
activity. The antihypertensive action of dimer- 
caprol may be similar to the action of hydralazine 
which reduces DOPA-decarboxylase activity (17). 
Both will chelate trace metals required for enzy- 
matic activity. 


1. Dimercaprol was administered to normo- 
tensive and hypertensive rats and their kidney 
enzyme extracts tested for amino acid decarbox- 
ylase and oxidase activities using DOPA as a 
substrate. Untreated normotensive and hyper- 
tensive controls were similarly tested. 

2. Although all results were not significant, 
the evidence was suggestive that both the anti- 
hypertensive effect of dimercaprol for hyper- 
tensive animals and its pressor action in normo- 
tensive animals are related to amino acid me- 
tabolism. 
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Protective Activity of Some Flavonoid Materials 
Against the Acute Toxicity of Adrenergic 
Compounds to Rats* 


By TRACEY G. CALL and JAMES A. PATTERSON 


Rats injected intraperitoneally with citrus 
flavonoid complexes were protected to an 
appreciable degree against approximate LD 
of ephedrine sulfate by intraperitoneal in- 
jection and of epinephrine bitartrate by 
intramuscular injection. 


pearenee PREPARATIONS have been the sub- 

ject of numerous pharmacological and nu- 
tritional investigations (1) from the time of Szent- 
Gyérgyi’s announcement of their physiological 
activity. In many cases, the attempts made by 
workers to reproduce the results of other investi- 
gators have met with failure. One frequent cause 
for failure has been that many of these investi- 
gators have been dealing with different materials 
due to differences in species or variety of the 
natural source materials, or of differences in the 
methods of extraction or isolation. 

The basic structure of the flavonoid compounds 
is a benzopyrone nucleus with a phenyl radical 
in the 2 position. There are several schools of 
thought as to which derivatives of this basic 
nucleus are most active. Some of these com- 
pounds are very soluble in water, while others are 
insoluble. Opening of the pyrone ring 
of hesperidin by reaction with a base to form a 


almost 


chalcone, imparts greatly increased water solu- 
bility. The hesperidin chalcone may then be 
methylated to prevent reversion to the insoluble 
form. The metabolic utilization of flavonoids 
is not dependent on their solubility, however, as 
has been shown recently by DeEds and associates 
(2). 

Recent studies by Ershoff (3) on vitamin A 
potentiation, DeEds (4), Booth (5, 6), Murray, 
etal. (7), on flavonoid metabolism, and Cotereau, 
et al. (8), on vitamin C potentiation have done 
a great deal to replace speculation and dis- 
agreement regarding the activity of these com- 
pounds by substantial, reproducible experi- 
mental data. 

In developing comparative tests for the evalua- 
tion of various flavonoid products, investigators 
have studied their action on epinephrine. Clark 
(9, 10), Lavollay (11-13), Parrot (14), Fuhrman 


* Received April 25, 1958, from the Sunkist Growers 
Research Department, Corona Laboratory, Corona, Calif 
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(15), Crismon (16), and others, have done ex- 
tensive work on the epinephrine sparing activity 
of the flavonoids. On the other hand, Gono 
(17) found that rutin inhibits the absorption of 
epinephrine injected subcutaneously. 


MATERIALS AND METHODS 


The flavonoids used in this study were: L. B. C. 
(Lemon Bioflavonoid Complex) and a similar prepa- 
ration, O. B. C. (Orange Bioflavonoid Complex) 
These materials were obtained by concentrating and 
spray drying an aqueous extract of lemon and 
orange peel, respectively. These hygroscopic pow- 
ders are water-soluble except for less than 5°) of the 
L. B. C. This latter fraction was easily kept in 
suspension by occasional shaking. The ephedrine 
used was Merck ephedrine sulfate U. S. P. Epine- 
phrine bitartrate solutions were made fresh from 
powder marketed by Biorganic Laboratories. 
The powder had been repacked into small ampuls 
in our laboratory. 

The rats used were virgin female Sprague-Dawley 
strain, maintained on a commercial diet which 
was shown to contain an insignificant amount of 
flavonoid material when tested chromatographi- 
cally 

The flavonoid materials were injected i. p. thirty 
minutes prior to the i. p. ephedrine sulfate, and 
ninety minutes prior to the i. m. epinephrine bi- 
tartrate. The thirty and ninety minute preinjection 
intervais were based on the relative rates of absorp- 
tion of the flavonoids, ephedrine, and epinephrine 
The preinjection times were chosen so that the great- 
est protective action of the flavonoids would ap- 
proximately coincide with the peak of the lethal 
effect of the adrenergic drugs 

The flavonoids were given i. p. at a level of 500 
mg./Kg. as a 5% aqueous solution. Ephedrine 
sulfate was given i. p. 330 mg./Kg., and epinephrine 
bitartrate i. m. at a level equivalent to 3.85 mg./Kg. 
of free epinephrine. 

Death in rats from lethal doses of epinephrine 
occurs very rapidly with usually only a single con- 
vulsion. In contrast, a prolonged period of stimu- 
lation complicated by hemorrhage from tongue- 
biting occurs with lethal or near-lethal doses of 
ephedrine 

In each of the assays in this investigation, the 
average weight of the animals which succumbed 
was slightly heavier than those which survived. 


RESULTS 


Toxicity studies of various flavonoid materials 
have demonstrated that they are not toxic to rats 
in oral doses of at least 20 Gm./Kg. One hundred 
i. p. injections of these materials at a dose level of 


847 


. 
= 


848 


Gm 


l Kg. have been made without mortality 
(except for occasional injection accidents). The 
results of these toxicity determinations may be 
seen in Table I. 


I.—-Toxictry oF FLAVONOID MATERIALS TO 


Rats 
Acute Oral Toxicity ,* I. P. Toxicity 
Single Dose Single Dose 
Material Dose Mortality Dose Mortality 
Used Gm. Ratio Gm. /Kg Ratio 
Orange Bio- 25 1/6 l 0/50 
flavonoid 20 0/9 
Complex? 
Lemon Bio- 24 0/5 l 0/50 
flavonoid 20 0/5 
Complex’ 16 0/5 


* Determinations by Dr. H 
Growers 
+6 These preparations hereafter are abbreviated as O. B. C 


and L. B. C., respectively 


C. Bergman for Sunkist 


A preliminary study utilizing ephedrine showed 
that with an approximate LDy of ephedrine sulfate 
of 330 mg./Kg. a protective activity of flavonoid 
preparations was evident, as is shown in Table II. 


Taste or Rats Given I. P. 
INJECTIONS OF FLAVONOIDS THIRTY MINUTES PRIOR 
ro THE I. P. INJECTION OF EPHEDRINE SULFATE* 


Animal 
Pre Wts Dose 
treat Average Level, Mortality Mortality, 
ment Gm mg./Kg Ratio % 
Ist Series 
Saline 
control 109 330 15/30 50 
0. B.C 113 330 7/29 24 <0.05 
2nd Series 
Saline 
control 115 330 10/30 33 ae 
L. B.C 115 330 2/30 7 <0.05 


* Flavonoids given as 500 mg./Kg 
P= Probability that mortality differences between 
treated and control groups are due to chance alose 


The results of the toxicity study using epi- 
nephrine bitartrate are presented in Table III 


Taste or Conrrot AND Pre- 

TREATED Rats Given I. P. Inyecrions or FLave- 

Norps Ninety Minutes Prior To THE I. M. In- 
JECTION OF EPINEPHRINE BITARTRATE 


Animal 
Pre- Wts., Dose 
treat- Average Level, Mortality Mortality, 
ment Gm mg./Kg. Ratio % 
Saline 
con- 


trol 125 3. 85° 14/26 54 
B.C. 125 3.85 3/26 12 <0.05 
L.B.C. 12% 3.85 5/26 19 ca. 0.05 


* Based on free epinephrine 
+P = Probebility that mortality differences between 
treated and control groups are due to chance alone 
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DISCUSSION 


Steinberger, Dixon, and Jones (18) found that 
phosphorylated hesperidin reduced the rate of ab 
sorption of normal saline which had been injected 
into the peritoneal cavity of rats. It appears that a 
reduction in the rate of absorption of the ephedrine 
solution in our study occurred in a manner similar 
to that described by these workers 

In our study, the protective effect of flavonoids on 
subsequently i. m. injected epinephrine in rats ap- 
pears to be due to a reduction of the rate of absorp- 
tion of the epinephrine based on a decrease in cap- 
illary blood flow due to precapillary sphincter con- 
striction, a reduction in the permeability of the cap- 
illaries, or possibly to a change in the permeability 
of individual cells. 


SUMMARY 


Preinjection of lemon bioflavonoid complex 
intraperitoneally to rats subsequently injected 
intraperitoneally with ephedrine sulfate reduced 
the mortality from 33 per cent in the control 
animals to 7 per cent in the pretreated animals. 
It also reduced the mortality of epinephrine bi 
tartrate injected intramuscularly from 54 per cent 
in the controls to 19 per cent in the preinjected 
animals. 

Similarly, orange bioflavonoid complex _re- 
duced the toxicity of ephedrine sulfate from 50 
per cent to 24 per cent, and epinephrine bitartrate 
from 54 per cent to 12 per cent. 
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Tablet Color Coating With Pigments’ 


By STANLEY J. TUCKER, ARNOLD E. NICHOLSON, AND 
HERBERT ENGELBERT 


A new method for coloring sugar-coated 
tablets is described, using pigments rather 
than water-soluble dyes. This process has 
the following advantages over conventional 
methods: color matching is simplified, ap- 
plication time is reduced, new and different 
shades of color are possible, and excellent 
light stability is noted. 


RECENT YEARS, new procedures have evolved 

for coating and coloring compressed tablets 
(5-10). However, the “old’’ method of apply- 
ing color to coated tablets by pan-coating has re- 
mained essentially unchanged throughout the 
vears (1-4, 6, 11). This lack of change might 
indicate process perfection. On the contrary, 
however, even an experienced coater often en- 
counters difficulties. ‘lae pan method of sugar- 
coating yields the most pharmaceutically elegant 
tablets of any current method. Its disad- 
vantages are that it requires considerable time 
and operational skill, presents difficulties in color 
reproduction, and poses a problem in the selec- 
tion of new shades. In the commercial produc- 
tion of coated tablets it is essential that each batch 
of tablets match a standard control color, other- 
wise reprocessing becomes necessary. 

The economics of present industrial methods 
demand that continued efforts be made to lower 
the expense of tablet coating. Furthermore, it 
has become increasingly difficult to choose a 
tablet color which is distinctive and yet has suffi- 
cient light stability to yield a pharmaceutically 
elegant product. 

It has been found that these shortcomings 
can be partially overcome by using pigments, 
water-insoluble D & C dyes, or D & C lakes, 
suspended with titanium dioxide in syrup. 
These are applied to the tablets in much the 
same way as soluble dyes. 


PIGMENT COATING 


Color matching of tablets, when coated by the 
usual process with a soluble dye, requires specific dye 
concentrations. Usually three coating solutions are 
applied in increasing concentrations to give optimum 
color matching. The tablets must be carefully con- 
trolled during the coating process to see that they 
are not over-colored. However, by applying pig- 
ments in a titanium dioxide-syrup vehicle, a single 
color concentration can be used; and since these are 
opaque suspensions, only one shade of color will 
result. In order to change the shade of color ob- 


* Received April 25, 1958, from the Smith, Kline and 
French Laboratories, Philadelphia |, Pa 


tained by a particular pigment, the ratio of pigment 
to titanium dioxide need only be altered. Titanium 
dioxide serves both as an extender and as an opaque 
screen to yield only one shade of color with any 
particular pigment. 

The use of soluble dyes in coating solutions re- 
quires that the tablets be perfectly smoothed with 
syrup before the color coats can be applied. This 
is essential since each depression or irregularity in 
the surface of the tablet will result in an uneven 
color due to concentration of dye in these imper- 
fections. Frequently, 25 smoothing coats are 
needed before any color coat can be applied, and 
then about 30 color coats are needed. When 
using insoluble pigments in a titanium dioxide-syrup 
suspension, much of this routine is avoided. 
Smoothing coats can be reduced or eliminated 
entirely, since only one intensity of color can be 
achieved. Furthermore, the color coats will serve 
as smoothing coats. The number of color and 
smoothing coats required may thus be more than 
50° less than when the soluble dye method is 
used, This represents a considerable saving in time 
and materials. 

One of the most encouraging features of the pig- 
ment coating process is the excellent light stability 
which it affords. Furthermore, some of the colors 
and shades which have been obtained are new and 
distinctive. 

The preliminary screen for light stability employed 
was the use of a General Electric (Type RS Reflector ) 
sun lamp. The tablets were placed on a white card 
18 inches from the light source. If the color re- 
mained unchanged for a period of twenty-four hours 
further stability was noted under direct sunlight. 
Tables I and II show the results of these tests with a 
number of pigments. 


DEVELOPMENT AND PROCEDURE 


A stock suspension (Table III) was prepared by 
combining the water, dioctyl sodium sulfosuccinate, 
and pigment in a Waring Blendor for fifteen minutes. 
This was then transferred to an Eppenbach Homo- 
mixer and, while mixing, the syrup and titanium 
dioxide were added. The solids usually disperse 
completely within fifteen minutes. 

As may be noted, the relative quantity of pig- 
ment needed was greater than the relative quantity 
of dye used in a water-soluble dye coating formula- 
tion. 

Charcoal and titanium dioxide were used first in 
an attempt to achieve a stable gray color. To 
prevent specking, it was essential to use charcoal 
having a very fine particle size.' Dioctyl sodium 
sulfosuccinate was also used so that the charcoal 
could easily be wetted. This was made into a 
stock suspension similar to the formula shown in 
Table III. 

When applied to tablets, only one shade of gray 
resulted with any given ratio of charcoal to titanium 


! Obtained from G. Cabot, Inc., Boston, Mass 
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I.—Revative Licut STABILITY FOR VARIOUS 
PIGMENTS (LAKES) 


Gm. of Pigment Hours 
for 100 Gm. of Under 
Pigment TiC: in Stock Sun Color 
ake) Suspension Lamp Stability 
D&C Red No. 5 2 Good 
D&C Red No. : Fi : Good 
D&C Red No. ! 5 : Fair 
D&C Red No. 6 5 Excellent 
D&C Red No. Excellent 
Fair 
D&C Red No. 5 2 Good 
D&C Red No. ¢ 5 2 Good 
D&C Red No 5 Good 
D&C Red No 5 2 Poor 
D&C Red No. 1: 5 Good 
D&C Red No. lt 5 Good 
7 Good 
D&C Red No. 

(Toner) 5 2 Good 
D&C Red No. 35 Excellent 
D&C Red No. 36 Good 
D&C Orange 

No. 15 2 Excellent 

é Excellent 
D&C Yellow 

No. 5 f 2 Fair 
D&C Yellow 

No. 6 f 2 Good 
D&C Green 

No. 1 Fair 
D&C Blue No. 1 22 Fair 
D&C Violet 

No. 1 2 Poor 


Taste Il.—Revative Licut STABILITY FOR 
ARIOUS PIGMENTS (Dyes) 


Gm. of Pigment Hoars 
for 100 Gm. of Under 
Pigment TiOs in Stock Sun Color 
(Dye) Suspension Lamp Stability 


> Blue No. 6 0 26 Excellent 
> Blue No. 9 43 Excellent 
43 Excellent 
~ Green No. 6 30 Excellent 
> Violet No. 2 5 30 Excellent 
> Red No. 17 . 24 Excellent 
* Red No. 18 5 24 Excellent 
~ Red No. 37 ; 24 Poor 
> Orange No. 5 24 Good 
> Yellow No. 7 24 Excellent 
~ Yellow No. 11 15.0 113 Excellent 


dioxide, no matter how many coats were applied. 
During the first few coats, the color did not come up 
evenly as with water-soluble dyes, but had a pro- 
nounced mottled appearance. However, this dis- 
appeared as more coats were applied, and a smooth, 
even coloration resulted. The tablets were then 
polished in the usual manner (1-3) 

Expanding this technique, D&C lakes* as sup- 
plied for drug and cosmetic uses* were tried success- 
fully in place of charcoal. When a lake was used 
alone without the titanium dioxide, it was difficult 
to obtain an evenly colored tablet without applying 
a very large amount of lake. Furthermore, with- 


: Pigments consisting essentially of an organic soluble 
coloring matter combined with an inorganic base or carrier 

*Many of the lakes were supplied by the Ansbacher- 
Seigie Corp., Rosebank, N. Y. 
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TABLE III. —Ty PICAL L COATING Formu LATION 


Stock Ingredient 
Purified water 250.00 ml. 
Dioctyl sodium sulfosuccinate 
(Aerosol O.T.) 

D&C lake or D&C water- 
insoluble dye 

Titanium dioxide 

Syrup, U.S P 


Coating Suspension 
Stock suspension 
Coating syrup, g. s. ad. 


0.01 Gm. 


1-15.00 Gm. 
100.00 Gm. 
500.00 ml. 


100.00 Gm. 
500.00 mil. 


out the titanium dioxide, only one shade of color 
could be obtained with one lake. 

Then several water-insoluble D&C dyes in place 
of, or in combination with, lakes were successfully 
tried. Asa rule, much less of the insoluble dye was 
needed in the formulation than when a lake was 
used; in fact, the coating suspension of a lake ex- 
hibited a definite color, whereas an insoluble-dye 
suspension showed very little color at all. Factors 
such as particle size, which may have a bearing on 
the color, have not yet been studied 

Usually, the application time between coats of a 
pigment suspension was less than with a dye solution, 
and the amount of coating applied could be de- 
creased as the coating progressed. Care was neces- 
sary to insure uniform mixing of the suspension be- 
fore each application. 


SUMMARY 


Insoluble pigments incorporated in a titanium 
dioxide-syrup suspension show the following ad- 
vantages over the use of water-soluble dyes for 
color-coating tablets: 

1. Coating can be applied immediately follow- 
ing the rounding coats in many cases, thereby 
eliminating the smoothing coats. 

2. Time and number of coats required to 
apply the coloration are reduced. 

3. Color can be easily matched from lot to lot. 

Tablets cannot be over-colored. 

5. New and different shades of color are made 
available. 

6. Excellent light stability has been noted 
with many of the pigments. 
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Mono-Derivatives of Methylene Citric Acid* 


By AUSTIN DULIN and JOHN W. MARTIN, Jr. 


The synthesis of selected mono-amides and mono-esters of this dibasic acid is re- 
Various condensing methods were tried in the preparation of the dioxo- 


lone ring in the methylene citric acid. The anhydride, prepared by using phos- 


phorus pentachloride or 


of methylene 
also known as anhydromethylene 
citric acid or the 8-hydroxymethy] lactone of 
tricarballylic acid (II), has for the most part been 
confined to the salts and the diesters (1, 2). 
Knowledge concerning 


of derivatives 


TIGATION 
citric acid, 


the synthesis and proper- 
ties of the mono-derivatives of this dibasic acid 
is incomplete. The mono-derivatives which have 
been prepared previously are the ethyl ester and 
the anilide (3). These compounds were investi- 
gated primarily in a study of the position of the 
ring in the parent acid. The ad- 
vantages of water solubility of the salt, as well as 
the close structural relationship to citric acid, 
present 


dioxolone 


interesting possibilities of pharma- 


cologically active derivatives. 


CH,—-COOH 


OH (HCHO), 
COOH 
CH.—COOH 


I 


Representative amides and esters of a series 
are reported in this paper. An evaluation of the 
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hosphorus oxychloride, was reacted with the alcohol or 
the amine in order to obtain the desired mono-derivative. 
activity of these compounds will be reported. 


An evaluation of the 


pharmacological activity of several of these com- 
pounds is given by Gardier and co-workers (4). 

Citarin, the disodium salt, and Helmitol, the 
salt with methenamine, appeared on the market 
early in this century. These compounds were 
classified as urinary antiseptics. It was post- 
ulated that formaldehyde would be released in an 
alkaline medium. Hanzlik (5) in 1920 through a 
series of studies showed that a pH of 13.07 was 
necessary for a breakdown of methylene citric 
acid to yield formaldehyde and citric acid. 
In feeding experiments, giving additional com- 
pounds which produced an alkaline condition, no 
formaldehyde could be detected. 

Synthesis of the mono-derivatives may be 
shown as follows: 


CH; 


COOH 


c 
CH,—COOH 


II 


(N) 
CH,—COO-—-R 


ROH 
or 


No 
CH:-—COOH 
IV 


CH, 


The preparation of methylene citric acid (II) 
from citric acid (I) was rather easily accom- 
plished. Solutions of formaldehyde (6), para- 
formaldehyde (7a), chloromethyl alcohol (7b), 
and trioxymethylene (8) have been reported as 
condensing agents. Highest yields are obtained 
by the use of sealed tubes and temperatures be- 
tween 120° and 145° (9). Use of the open con- 
tainer with an excess of trioxymethylene is a 


| 
| 
oO, 
I | 
| 
CH; O 
oO O 
CH, Cc. ‘ 
Ill 
|| 
: 
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more practical approach even though the yields 
are decreased (10). The anhydride (III) was 
prepared by pentachloride 
directly. The usual dehydrating agents such as 
acetic anhydride, acetyl chloride, and phosphorus 
pentoxide gave little or none of the desired prod- 
uct. The use of phosphorus oxychloride as 
reported by Nau, et al. (3), did not prove to be 
as satisfactory as the method using phosphorus 
pentachloride. 

By dissolving the anhydride in the desired 
alcohol or amine, the reaction proceeded rather 
easily to yield the desired mono ester or mono 
amide. The 
amines which were employed were quite reactive 
while the alcohols reacted more slowly. 


using phosphorus 


Heat was required in some cases. 


Under 
the conditions employed no phenolic derivatives 
could be prepared. 


EXPERIMENTAL 


All melting points were determined on the Fisher- 
Johns melting point apparatus. 

The methylene citric acid and the anhydride of 
methylene citric acid were prepared essentially by 
the same procedure as reported by Nau, ef al. (3). 
Modifications of the procedure did not significantly 
change the overall yields. Temperatures as high 
as 160° were employed in the preparation of the 
methylene citric acid, which resulted in a shorter 
reaction time. 

Monobenzyl Methylene Citrate.-Five grams 
(0.025 mole) of methylene citric anhydride was dis- 
solved in 20 cc. of benzyl alcohol (about 10 times 
excess) and heated slowly until near reflux. On 
cooling, a flocculent white precipitate formed. It 
was filtered, washed with petroleum ether, recrystal- 
lized two times from dilute alcohol, and dried in 
vacuo over P,O;; yield 5.3 Gm., 72°, of white 
needles melting at 143-145°. 


Anal.—Caled. for neut. equiv., 
294. Found: 292, 292. Caled. for C,H,O,;- 
(COOCH:C.H;) (COOH): sapon. equiv., 147. 
Found: 148, 146 

Monophenylethy! Methylene Citrate.—Five 


grams (0.025 mole) of methylene citric anhydride 
was treated as above with 25 cc. of phenylethyl 
alcohol. On cooling, a gel formed in the clear, 
colorless solution. This was extracted with a 5% 
solution of sodium bicarbonate, acidified, and then 
extracted with ether. After drying over anhydrous 
sodium sulfate, the addition of ligroin produced a 
white, flocculent precipitate, which was recrystal- 
lized from dilute alcohol and dried in vacue; yield 
5.78 Gm., 75%, of product melting at 123-125°. 

Anal.—Caled. for C,H,»O;—COOH: neut. equiv., 
308. Found: 308, 309. Caled. for CsH,O,- 
(COOCH:CH,CsH;) (COOH): sapon. equiv., 154. 
Found: 155, 155 

Monoallyl Methylene Citrate.—Following essen- 
tially the above procedure 4.6 Gm., 75%, of white 
crystals melting at 109-111° was collected. 

Anal.—Caled. for CsH,O;—COOH: neut. equiv., 
244. Found: 242, 242. Caled. for C,;HO;— 
CH:) (COOH): sapon. equiv., 122. 
124, 123. 


(COOCH,CH 
Found: 
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N-Monomethylenecitryl Anthranilic Acid.—To a 
solution of 2.2 Gm. (0.016 mole) of anthranilic acid 
in 20 ml. of warm ethyl acetate was added 3 Gm. 
(0.016 mole) of methylene citric anhydride dissolved 
in 35 ml. of hot ethyl acetate. The mixture was 
heated to reflux, filtered, and allowed to cool. The 
white solid was then recrystallized from dilute alco- 
hol and dried; yield, 3.2 Gm., 63°), of product 
melting at 172-173°. 

Anal.—Caled. for CyHyOsN: N, 4.33%. 
4.27, 4.28%. Caled. for 
neut. equiv., 162. Found: 161, 161. 

N-Monomethylenecitryl »-Aminobenzoic Acid.— 
By following the same procedure as outlined above, 
a light yellow powder, melting at 239-240° with de- 
composition was obtained. 

Anal Caled. for CyyHyOgN: N, 4.33° 
4.19, 4.17%. Caled. for CrHyO.N 
neut. equiv., 162. Found: 161, 161. 

Monoallyi Methylene Citramide.—The methylene 
citric acid anhydride and allyl amine were combined 
in equal molar quantities using ethyl acetate as the 
solvent. A vigorous exothermic reaction took 
place. After cooling, recrystallization, and drying, 
a 78% yield of a white product melting at 105—108° 
with decomposition was collected. 

Anal.—Calcd. for CoH wOsN: N, 5.78°. Found: 
5.70, 5.66%. Caled. for 
neut. equiv., 242. Found: 240, 240 

N“Monomethylenecitryl - sulfanilamide.—To 
1.86 Gm. (0.01 mole) of methylene citric acid an- 
hydride in hot ethyl acetate was added a solution of 


Found: 
(COOH): 


Found: 
(CGOH).: 


1.72 Gm. (0.01 mole) of sulfanilamide in ethyl 
acetate. The mixture was heated, filtered, and 
cooled. The white mass which collected was 


washed with 5% HC! and dried; yield, 3.26 Gm., 
91%, of a white powder which melted at 173-175° 


Anal.—Caled. for CiHywOsN:S: N, 7.82%. 
Found: 7.76, 7.66%. Caled. for CwHwOsN.S 


COOH: neut. equiv., 358. Found: 356, 358 


SUMMARY 


1. Methods for preparing methylene citric 
acid and its anhydride were evaluated. The 
trioxymethylene open beaker method for the 
acid and the PCl; method for the anhydride 
proved to be most practical. 

2. Seven new mono-derivatives were pre- 
pared and characterized. These represent a 
group of selected amides and esters which give an 
indication of the range of derivatives possible. 
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Pharmacology of Some Mono-Derivatives of 
Methylene Citric Acid* 


By R. J. WARRENT, R. W. GARDIER, A. B. RICHARDS, 
and W. M. ALEXANDER 


A series of selected mono-amides and mono-esters of this dibasic acid were studied 
by means of various pharmacological procedures. Although all compounds, ac- 
cording to the tests, were of quite feeble biological activity, some generalization re- 


garding biochemorphology may be made. 


Substitution of methylene citric acid on 


the N* of sulfanilamide increases carboaic anhydrase inhibitory activity but not to 

the extent of assuming practical importance. Substitution of a ring structure on 

methylene citric acid rather than an alkyl group gives more measurable pharma- 
cological activity. 


rg sulfonamides unsubstituted on the sul- 
fonamide nitrogen have achieved practical 
importance as carbonic anhydrase inhibitors 
(1), consideration was given to a study of the 
in vitro and in vivo effects of such a sulfonamide 
(N*monomethylenecitryl-sulfanilamide) on car 
bonic anhydrase. This compound was one of a 
small series of methylene citric acid derivatives, 
newly synthesized (2), which were without 
available pharmacology. Therefore, in addition 
to investigating the potential diuretic properties 
of the sulfanilamide substituted compound, this, 
as well as the other members of the series, was 
studied for other possible effects on biological 
systems. 


EXPERIMENTAL 


Diuretic —Enzyme.—The “crude chloroform” en- 
zyme of Meldrum and Roughton (3) was prepared 
from rabbit erythrocytes and obtained as a light 
brown powder by lyo hilization. The erzyme was 
stored in aqueous solution in the freezing compart- 
ment of a refrigerator and used in a concentration 
of 7 mg./ml. diluted from the stock solution. 

Carbonic anhydrase activity was determined by 
the method of Philpot and Philpot (4) with minor 
modifications of the apparatus. The water column 
and capillary tube functioning as a pressure regulator 
were replaced with a mercury column and rubber 
tubing constricted with a screw clamp. For im- 
proved reproducibility, the flow of CO, was measured 
with a flow meter.' The experimental procedure 
followed that described by Miller, et al. (5). Brom- 
thymol blue indicator was prepared according to 
Kolthoff and Laitinen (6). 

The control reaction time (no enzyme) was ap- 
proximately eighty seconds. Sufficient enzyme was 
added to reduce the reaction time to fifteen seconds. 
N*Monomethylenecitryl-sulfanilamide was found, 
on separate days, to have 4 times the activity of 
sulfanilamide itself, and '/~ the activity of aceta- 


* Received July 15, 1958, from the Research Department, 
Pitman-Moore Co., Division of Allied Laboratories Inc., 
Indianapolis, Ind 

t Present address: United States Public Health Service 
Hospital, Staten Island, N. ¥ 

'Type 1110, Serial No. 17207, Brooks Rotameter Co., 
Lansdale, Pa 


zolamide? (see Table I). The unaccountable varia- 
tion in enzyme activity from day to day as noted in 
these experiments has been reported by others (7). 


Taste I.—Concenrrations FoR 50 Per CENT 


INHIBITION OF CARBONIC ANHYDRASE 


Series A 10-7 M 
Sulfanilamide 140-230 
N*-Monomethylenecitry]- 

sulfanilamide 

Series B 
Acetazolamide 
N*-Monomethylenecitryl- 

sulfanilamide 


Renal.—The results of in vivo testing of N*- 
monomethylenecitryl-sulfanilamide confirmed the 
enzyme studies by indicating diuretic properties of a 
low order of magnitude. The data presented in 
Table II were obtained from dogs, without prior 
preparation, that were anesthetized with pento- 
barbital Na* 32 mg./Kg., i. v. Appreciable diuresis 
occurred only with large i. v. doses of the compound. 

Oral administration in a practical dosage range 
produced little or no diuresis (Table III). The 
anesthetized animals were given the compound in 
capsule form immediately before receiving 50 ml. 
of tap water/Kg. of body weight by stomach tube. 
One hour later anesthesia was induced with pento- 
barbital Na 32 mg./Kg. i. v., the bladder drained, 
and urine then collected for three hours and analyzed 
for Na* using a Beckman DU flame spectropho- 
tometer. The unanesthetized animals were kept 
without food for sixteen hours prior to the experi- 
ment. The drug was given orally as above and one 
hour later the dog was loosely restrained while an 
i. v. infusion of 5°, glucose was started and con- 
tinued at a rate of 2 ml./minute. The bladder was 
emptied, following which the urine was collected 
for two hours and analyzed for Na* by the method 
mentioned. 

Acute Toxicity.—The compounds were admin- 
istered to male Standard Webster Swiss mice and, 
when possible, the i. v. LDw was calculated accord 
ing to the method of Litchfield and Wilcoxon (8). 
The results, as seen in Table IV, indicate that while 


? Diamox, supplied through the courtesy of Dr. J. T. 
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IN ANESTHETIZED Docs 


Before Drug After Drug 


Dose, Urine Excretion, Urine Excretion 
Experiment No mg./Kg. ml. /min pH mil. / min pH 
1294-96 10 0.08 5.47 0.14 6.96 
129A-97 10 0.09 6.64 0.2 7.17 
129A-97 40 0.24 7.17 0.72 7.63 
129A-96 5O 0.14 6.96 0.50 7.37 
129A-94 100 0.40 6.88 1.10 7.73 


TasLe Errecrt or Orat N*-Mono- 
METHYLENECITRYL-SULFANILAMIDE ON URINARY 
SopruM 

Dose No. of Mean Na* 
mg./Kg.,. Experi- Excretion 
Drug Orally ment mEq./Kg 


Anesthetized Dogs 


None r 0.248 
N‘*Monomethylene- 10 7 0.2538 
citryl-sulfanilamide 
Acetazolamide 10 7 1.188 
Unanesthetized Dogs 
None 6 1.361 
N*Monomethylene- 10 3 1.921 


citryl-sulfanilamide 


the sulfanilamide and p-aminobenzoic acid substitu- 
tions gave equivalent toxicity, the ester analogs 
proved to be relatively less toxic and the allyl amide 
substitution gave the greatest lethality 

Acute toxic signs were essentially identical for all 
compounds. These were ataxia, loss of righting 
reflex, C. N. S. depression, and respiratory depres- 
sion followed by asphyxial convulsions. The allyl 
ester substituted compound gave some delayed res- 
piratory stimulation 

Analgesia.—This effect was measured in mice ac- 
cording to a method described by Chen and Beck- 
man (9). The compounds were administered i. p. 
in a dose equivalent to the i. v. LD». (For results 
see Table IV.) 

Local Anesthesia.—-Topical anesthesia was de- 
termined on the cornea of the adult albino rabbit in 
a manner as previously described from this labora- 
tory (10). The benzyl and allylamide substituted 
compounds were tested in 1% concentrations with- 
out effect. 


IV. 


oO 
Acute Toxicity 


‘Some PHARMACOLOGICAL PROPERTIES OF MONO-DERIVATIVES OF METHYLENE 
Crrric Acip 


Anticonvulsant.—Male Standard Webster Swiss 
mice weighing 20-30 Gm. were used as experimental 
animals. The tests performed were the maximal 
electroshock seizure pattern test (M. E. S.) and the 
Metrazol threshold seizure test (Met.) (11, 12) 
The care and use of the animals as well as the exper- 
imental method have been previously reported (13) 
The compounds tested, as shown in Table IV, were 
administered orally at doses up to 800 mg./Kg 

In the Met. test the monobenzy! methylene citrate 
was effective only in reducing, slightly, the fre- 
quency and severity of convulsions and the inci 
dence of deaths. 

Cardiovascular and Respiratory.Mean pressure 
was measured from a cannulated carotid artery in 
dogs, anesthetized with pentobarbital Na 32 mg./Kg 
i. V., using a mercury manometer and recording on a 
smoked paper kymograph. Vasodepressor effects 
when observed (Table IV ) were of a transient nature 

No changes in heart rate or in the electrocardio- 
gram, using a Sanborn single channel visocardiette, 
were noted in dogs receiving the sulfanilamide, 
p-aminobenzoic acid, benzyl, or ethyl substituted 
compounds in doses which gave only slight blood 
pressure effects 

None of the compounds exerted blocking effects 
on the blood pressure responses to acetylcholine 
chloride, histamine phosphate, and epinephrine 
bitartrate. However, all compounds, except the 
sulfanilamide substituted, enhanced the pressor 
effect of i. v. epinephrine. The benzy! derivative 
prolonged this pressor effect, whereas the others in- 
creased the height of the response 

Respiratory changes, as monitored with a Marey 
tambour connected to a tracheal cannula, were 
short lived rate increases which were synchronous 
with vasodepressor effects and, thus, suggestive of a 
reflex nature. 


Blood Pressure 


CH:—CO—OH iv. LD», 95% Confidence Anticonvulsant Deses 50-100 
(R) mg./Kg Limits Analgesia Met M.E.S mg. Kg., I. v 
-NH—C,H,SO.NH4P) 570 (422-770) None 40% Depressor 
NH—C,.H,COOH(P) 640 (587-698 ) Slight 79% Depressor 
OCH, > 1000 None No effect 
OCH 1610 (1464-1771) Slight Slight None 75% Depressor 
OCH.,CH=CH, ca, 1400 Moderate None None 22% Depressor 


ca, 400 


Slight None None No effect 
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Ganglionic Blockade.— Because some compounds 
exhibited vasodepressor effects as well as the ability 
to enhance the pressor response to i. v., epinephrine, 
the benzyl analog was studied on the cat nictitating 
membrane preparation. The animals were anesthe- 
tized with i ml./Kg. of a 5% chloralose, 50% ure- 
thane solution. A Bioelectronics Laboratory Stimu- 
lator and shielded, bipolar silver-silver chloride 
electrodes were employed, using the method and 
parameters similar to those of Lape and Hoppe 
(14). Doses of this compound were without effect 
up to 30 mg./Kg. i. v. 

Spinal Reflex.—The ipsilateral tibialis anterior 
muscle tibial nerve reflex in the anesthetized (pento- 
barbital Na) dog was studied according to the 
method of Abreu, et ai. (10). A Harvard isometric 
muscle lever was used to record on a smoked drum 
kymograph. No effect was obtained with any of 
the compounds. 

Intestinal Motility. Balloons were placed into the 
duodenum, through midline abdominal and anti- 
mesenteric incisions, in dogs anesthetized with 
pentobat bital Na. The balloons were led to a water 
manometer through hard rubber tubing, around 
which the incisions were repaired. The standing 
pressure in the balloons at the level of the duodenum 
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was approximately 12 cm. H,O. Slight stimulation 
was detected only with the allyl ester at doses of 50 
mg./Kg. i. v. 
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The Use of an Approximate Dielectric Constant to 
Blend Solvent Systems* 


By WILLIS E. MOORE 


The technique of solvent blending by manip- 
ulation of dielectric constants may sum- 
marized as follows: from the literature or 
experiment determine a single solvent for 
the concentration desired; determine the 
dielectric constant of the single solvent; as- 
semble those solvents, chosen as applicable, 
that are soluble or miscible among them- 
selves; and use alligation to determine the 
percentages of solvents required to produce 
the desired approximate dielectric constant. 


HE SUCCESSFUL BLENDING of solvents by manipu- 
lation of the dielectric constants (hereafter 
called D. C.) of those solvents has been achieved 
in this laboratory on several occasions. A recent 
article on the solubilization of two barbiturates (1) 
offers an independent illustration of this technique. 
It has long been recognized that the dielectric 
constant of a mixture of two or more solvents is 
directly proportional to the concentrations of the in- 
dividual solvents. The D. C. of the resultant mix- 
ture can therefore be predicted to a good approxi- 
* Received April 25, 1958, from the Sterling-Winthrop 
Research Institute, Rensselaer, N. ¥ 
The author wishes to thank Dr. Barr and Dr. Tice for per 
mission to reprint portions of their solubility tables. Also. 
the author is indebted to Dr. Frederick C. Nachod and Mr 


Michael Priznar of the Physical Chemistry Section for their 
assistance in making dielectric constant determinations. 


mation. For example, mixtures of water and alco- 
hol can be made so that the resultant D. C. will fall 
between the extreme D. C. of 80 for water and 24 for 
alcohol. Deviation from direct proportionality is 
more pronounced as the polarity of the resultant 
mixture increases. 

The technique of solvent blending herein de- 
scribed is intended to yield only approximate re- 
sults. Routine quantitative D. C. determinations 
have not been carried out because the theory is well 
established; the D. C. of a solvent system is easily 
changed by changes in composition, which permits 
a large number of variations; it is more practical to 
work in the per cent v/v or w/v system rather than 
the per cent w/w system that would be required by 
a more rigorous approach; and several other factors 
affect solubility in addition to the D. C. of the 
medium. 

Barr and Tice (1) have presented solubility tables 
for two barbiturates at various mixed solvent con- 
centrations at two temperatures. The approximate 
dielectric constants (hereafter called A. D. C.) have 
been calculated for each solvent system of Tables I, 
II, and III from the work. The method of calcula- 
tion will be presented below. Their criteria for ac- 
ceptability of solvent power for a solvent system was 
the maintenance of a clear solution at 4° for thirty 
days. 


= 
80, 113(1934 
Philpot 
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In their Table I, concerned with water-alcohol 
mixtures only, it was shown that the maximum of 
30% (v/v) alcohol in water, which was their self- 
imposed maximum, was not acceptable. The A. D. 
C. of 30% alcohol is 63. 

From their Table II, the acceptable solvent mix- 
tures of alcohol, propylene glycol, and water were: 

Propylene Water 

Alcohol, Glycol , Calculated 
% v/v A. D. C. 

30.0 

30.0 

20.0 

25.0 

30.0 


Then, in their Table III, sorbitol solution N. F. 
was blended witn the alcohol, propylene glycol, and 
water. The mixtures considered acceptable for their 
purposes were: 


Propylene Sorbitol Water 
Alcohol Clycol Solution N_F. by Diff., Calculated 
A. D.C 


> v/¥ % viv v/v 


45 
60 
35 
45 
60 
* Barr and Tice recommended the solvent system with the 


A. D. C. of 54 because of the increased solubility of a flavor- 
ing oil in this solvent 


By looking at the calculated A. D. C.’s, it is found 
that the critical value for the A. D. C. of these sys- 
tems is 57. With this value, no solvent blend pre- 
cipitated either phenobarbital or pentobarbital. 
With values higher than 60 (i. e., more polar), 
neither phenobarbital nor pentobarbital were solu- 
bilized at 4°. Occasionally, pentobarbital only was 
solubilized with A. D. C.’s of 59 and 60. 

From the foregoing, we may infer that a solvent 
mixture with an A. D. C. of 57 or less should solu- 
bilize these two barbiturates (0.4% each of pheno- 
barbital or pentobarbital) at 4° for 30 days. New 
solvent mixtures with an A. D. C. of 57 can be 
blended from the same solvents used by Barr and 
Tice by the following technique. 

The D. C.’s of the pure solvents (2) and the A. D. 
C. of 57 were used as if they were percentages, and 
these values were then alligated (3), using the A. D.C. 
as if it were the desired final percentage. By this 
procedure, three new mixtures were obtained, by 
calculation, from the following combinations: (a) 
alcohol paired with water and propylene glycol 
paired with sorbitol solution N. F., (6) alcohol 
paired with sorbitol solution N. F. and propylene 
glycol paired with water, and (c) alcohol paired with 
water and with sorbitol solution N. F., and propyl- 
ene glycol paired with water and with sorbitol solu- 
tion N. F. 

The “parts’’ obtained by alligation were con- 
verted to percentages. For convenience, the values 
were rounded off to the nearest unit. The final 
A. D. C. for these rounded off percentages was cal- 
culated as follows: 


A. D.C. = 3(% solvent; X D. C. solvents) + (% 


solvent, X D. C. solvent)... + 
(% solvent, X D.C. solvent,) + 100. 


For the above three new solvent blends, the fol- 
lowing were obtained: 


Sorbitol 
Propylene Solution Cal 
Alcohol, Glycol, N. F., Water, culated 
% v/v % v/v % v/v %v/iv A. D.C. 
29 36 
36 29 
33 33 


Since the A. D. C. for these solvent mixtures was 
57 or less, all three should maintain 0.4% phenobar- 
bital at 4° for thirty days. This was confirmed ex- 
perimentally. 

Many other combinations of these same four sol- 
vent components can be calculated by arbitrarily 
reducing the A. D. C. used in the alligation proce- 
dure; for example, setting the A. D. C. to 56.5, 
56.0, 55.5, ete. 

In this laboratory, this technique has been used to 
greatly reduce the number of solubility experiments 
required to produce satisfactory solvents. 

Progesterone was solubilized to the extent of 100 
mg./mil. in an oily vehicle in spite of the fact that the 
solubility of progesterone in a vegetable oil, alone, is 
reported variously as sparingly soluble to slightly 
soluble. Proceeding as follows, a single solvent 
was found that would solubilize 100 mg./ml. at 5°. 
This solvent was benzyl benzoate whose D. C. is 4.9 
(2). Four solvents were then selected for solvent 
blending by alligation. Their D. C.’s were alligated 
around the A. D. C. of 5, since 4.9 was satisfactory. 
The following solvent blend was obtained: 


Alcohol 4 
Benzy] alcohol 4 
Benzyl benzoate. 20 
Sesame oil. 69 


In addition to the desirability of using even per- 
centages, it was also desirable to reduce the concen- 
tration of benzyl alcohol. The percentages were 
then altered by reducing the amount of benzy! alco- 
hol and benzy! benzoate and adding their equivalent 
of alcohol: 


48% — 3.0% = 18% 
1.8% X 13.1° + 24.3 = 0.97% 
20.7% — 20.0% = 0.7% 
0.7% X 49° + 243 = 0.14% 


D.C. of benzyl alcohol 
D.C. of alcohol 
D.C. of benzyl benzoate. 


Alcohol, 0.97%, has the same overall effect upon 
the A. D. C. as 18% of benzyl alcohol and 
0.14% of alcohol has an effect similar to 0.7% of 
benzyl benzoate. The alcohol equivalents were 
added to the alcohol already present in the formula: 


4.8% + 0.97% + 0.14% = 5.91% 


This new value for alcohol was then rounded off 
to 6.0% which gave a final solvent blend whose cal- 
culated A. D. C. was 5: 


Alcohol. . 
Benzy} alcohol 
Benzy! benzoate 
Sesame oil 


The D. C. of this nonaqueous solvent blend was 
determined by the heterodyne beat method de- 
scribed by Smyth (4). This blend was found to have 


| (a) 
(b) 
(¢) 
a 
| 
3% 
20% 
71 07 


December 1958 


a D. C. of 4.23 instead of the calculated value of 5. 
This discrepancy is not surprising since the solvent 
was made on a v/v basis. Progesterone rapidly dis- 
solved in this solvent in a concentration of 100 
mg./ml. and maintained clarity at 5° for five 
months 

For another solution of a steroid, it was desired 
to have an essentially (50% v/v or more) aqueous 
vehicle. A search of solvents miscible with water 
that are recognized as safe for parenteral use in rela- 
tively low concentrations showed that no combina- 
tion! with 50% water would possess an A. D. C. low 
enough, (i. e., semipolar), to give the desired con- 
centration of steroid of 2 mg./ml 

However, as a check on the validity of this tech- 
nique, alligation was done with several solvents 
miscible with water. An A. D. C. of 21 was selected 
because of the high solubility of this steroid in 
acetone, whose D. C. is 21. The following solvent 
blends were made by alligating around the A. D. C. 
of 21: 


Solvent Blends 
I Il Ill 


Benzy!] alcohol 31.1 17.8 30 
Polyoxyethylene glycol 400 25.5 44.5 30 
Niacinamide 34.1 26.8 30 
Dimethylacetamide 0.6 7.3 5 
Water 8.7 3.6 5 
100.0 100.0 100 

Calculated A. D. C. 21 22 21 


All three of these solvent mixtures were found to 
dissolve and maintain the steroid in solution at a 
concentration of 2 mg./ml. at 5° for seven months. 

Another steroid solution problem was solved by 
first empirically finding an essentially aqueous sys- 
tem that would maintain clarity at 5° in a concentra- 
tion of 0.2 mg./ml 


Solubilization through complex formation is not under 
consideration here 
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——Solvent Blends—— 
IV vi 


Alcohol 10 10 10 
Benzyl alcohol 2 2 2 
Polyoxyethylene glycol 400 25 20 30 
Water 63 68 58 
100 100 100 

Calculated A. D. C. 58 61 55 


It was found experimentally that only solvent 
blend V would not maintain clarity at 5°. It thus 
appeared that an A. D. C. of less than 61 was needed 
for this concentration. Solvent blend IV maintained 
clarity at 5° for three months. 

It was later decided to replace the polyoxy- 
ethylene glycol 400 with propylene glycol. Three 
formulas were calculated: 


—Solvent Blends— 
Il IX 


Vil Vi 
Alcohol 10 10 10 
Benzy1 alcohol 2 2 2 
Propylene glycol 25 30 35 
Water 63 58 53 
100 100 100 
Calculated A. D. C. 61 58 56 


From these values, blend VII should not main- 
tain clarity, whereas blends VIII and IX should. 
This prediction was confirmed experimentally and 
solvent VIII maintained clarity at 5° for three 
months. 
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An accurate, uniform, reproducible enteric 
coating was developed for application to core 
tablets by compression coating. The coating 
was studied extensively in vitro, with em- 
phasis upon the solubility characteristics and 
stability. The is vitro studies were corre- 
lated with the in vive investigation, which 
appears in part II. 


T= CONCEPT of compression coating is old. 

A patent granted to Parker J. Noyes (1) in 
1896 claimed a process for the application of a 
coating to a core tablet by compression methods. 
Enthusiasm for this new concept of coating, how- 
ever, has increased only in recent years (2). 


* Received April 25, 1958, from the Product Development 
Division, Eli Lilly and Company, Indianapolis, Ind. 


An Enteric Compression Coating I* 
In Vitro Studies 


By F. C. BLUBAUGH, J. R. ZAPAPAS, and M. C. SPARKS 


With the availability of suitable equipment for 
compression coating and the subsequent im- 
provement in the mechanics of the operation, 
new possibilities for the preparation of uniform, 
accurate, and reproducible enteric-coated tablets 
have developed. 

The application of an enteric coating to com- 
pressed tablets and pills in the mechanical, 
revolving coating pan was developed many years 
ago. While the composition of the enteric coat- 
ing varied, the techniques of application have 
remained much the same. The process of pan 
coating requires skill and care, and taxes the 
ingenuity of the best. Uniformity of the enteric 
coating may vary from lot to lot, and even with- 
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in the same lot, depending upon the skill of the 
applicator and the mechanics of the operation. 

An enteric coating resists the gastric secretions 
but dissolves or disintegrates in the intestinal 
contents. However, the location in the intestine 
wherein this dissolution or disintegration of the 
enteric coating takes place is of prime importance 
if the protected drug is to become physiologically 
available. To attain this response from many 
drugs, the enteric coating should dissolve or 
disintegrate in a medium slightly on the acid 
side, in order that the contents of the core may be 
available for absorption in the upper portion of the 
small intestine. 

There is no general agreement concerning the 
pH to which simulated intestinal fluid should be 
adjusted. However, the literature reports wide 
variations in the hydronium ion concentration 
of the gastrointestinal tract; since pH 7 is rarely 
encountered proximal to the ileum, the optimum 
pH range of simulated intestinal fluid for in vitro 
study should probably be between pH 5 and pH 
7. The probability of the core tablet contents 
becoming physiologically available for maximum 
absorption was believed to be greater when the 
enteric coating dissolved at pH 6 than at pH 7.5. 

Thus, in the i” vitro studies included, in addi- 
tion to the official U. S. P. XV tests for enteric- 
coated tablets (3), a study was made of the coating 
in simulated fluids adjusted to intermediate 
ranges of pH. 

The principal objectives were the develop- 
ment of a uniform, accurate, and reproducible 
enteric compression coating and of in vitro tests 
for measuring the effectiveness of the enteric 
compression coating, the latter to serve as a 
standard for evaluation of the enteric properties. 
The results obtained in vitro were to be correlated 
with, and validated by, in vivo tests. The tn vivo 
tests were designed to test the protection af- 
forded by the compression coating against the 
action of gastric secretions and to measure the 
solubilization characteristics of the compression 
coating in intestinal secretions in the upper 
portion of the intestinal tract. Determination of 
the physiological availability of the drug con- 
tained within the enteric compression coating was 
included as a part of the study. 

The theoretical aspects of enteric coatings are 
based on one or more of the following principles 
(4): 


(a) Due to variations in the hydronium ion 
concentration of the gastrointestinal tract, an 
enteric coating may be insoluble in the gastric 
secretions, but become soluble as the hydronium 
ion concentration of the intestinal contents 
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decreases. Through the principle of ion ex- 
change, an insoluble salt becomes soluble. 

(b) Ithas been reported that cellulose acetate 
phthalate undergoes hydrolytic action by the 
enzyme esterase (5). 

(c) Asa means of solubilizing the protective 
coating, an enteric coating may contain esters 
of fatty acids which undergo emulsification in the 
presence of the normally secreted gastrointestinal 
fluids. 

(d) Hydroscopic substances, such as powdered 
elm bark and agar, may be incorporeted in the 
enteric coating for the purpose of absorbing 
moisture, thus, ultimately interrupting the in- 
tegrity of the enteric coating by swelling. 


The tm vitro studies herein were based exclu- 
sively on the first principle. 


EXPERIMENTAL 


Core Tablets.—Core tablets were formulated to 
facilitate the clinical evaluation of the compression 
coating. The formulations of the core tablets 
were designed to show variance in composition and 
in disintegration. The physical specifications for 
two of the core tablets investigated are shown in 
Tables I and II. Core A was prepared of 20 parts 


Tasie I.—-CoMPOSITION OF CoRES 


Core A: 


Potassium iodide 20 parts 

Potassium chloride 80 parts 
Core B: 

Riboflavin. . . 5 parts 

Sucrose powdered 375 parts 

Starch powdered 115 parts 

Sodium CMC 0.5 part 


Magnesium stearate 5 parts 


Tasce II.—Puysicat SPECIFICATIONS OF TABLETS* 
Core A Core B 
Core Tablets: 


Weight, Gm. 0.761 0.500 
Thickness, in 0.175 0.177 
Diameter, in 0.405 0.408 
Strong Cobb, Kg 22 6 
Disintegration in simulated 

gastric fluid T. S., min 230 B 

Coated Tablets: 

Weight, Gm 1.299 1.017 
Thickness, in 0.295 0.297 
Diameter, in. 0.502 O. 502 
Strong Cobb, Kg. 28* 15 
Wt. of coating, Gm. 0.5388 0.517 


Core Tablets Removed from 
Coated Tablets: 


Thickness, in. 0.165 0.169 
Diameter, in. 0.428 0.424 


Strong Cobb, Kg. 21 8 


Average results 


iy 
7 
iy 
7 4 
F 
; 
if 


December 1958 


potassium iodide and 80 parts potassium chloride. 
The total weight of core A was made up of water- 
soluble salts. As shown in Table II, the disinte- 
gration time in simulated gastric fluid T. S. was 
two and one-half minutes 

Core B was formulated to contain 1% of an active 
ingredient, with the remainder of the tablet con- 
sisting of conventional excipients, a granulating 
agent, and a lubricant. Riboflavin was the active 
ingredient. “The complete composition of core B 
is shown in Table I. The disintegration time in 
simulated gastric fluid T. S. of core B was twenty- 
three minutes. 

Both cores were compressed on a Stokes Rotary 
BB2 machine with '*/»-inch flat beveled punches 
Flat beveled tablets were necessary to obtain accept- 
able positive-centered positioning of the cores be- 
cause of mechanical limitations of the compression- 
coating machine. 

The complete physical specifications for the core 
tablets are shown in Table II. 

The mechanics of compression coating resulted 
in a recompression of the core during the compres- 
sion-coating operation. The change in thickness 
and diameter of core A and B after compression 
coating is shown in Table Il. Core A increased in 
diameter from 0.405 to 0.428 inch. The thickness 
of core A was reduced from 0.175 to 0.165 inch 
Core B increased in diameter from 0.408 to 0.424 
inch. The thickness of core B was reduced from 
0.177 to 0.169 inch. The change in physical di- 
mensions of the core tablets appeared not to alter 
the disintegrating characteristics of the cores. 

The physical and chemical composition of each 
core formulation per se had to be evaluated. This 
evaluation comprised at least two phases. Since 
the mechanics of compression coating results in a 
recompression of the core when press coated, it was 
noted that certain core formuiations had a greater 
tendency to re-expand than others. For instance, 
placebo cores consisting of starch, lactose, and lubri- 
cant could not be satisfactorily press-coated. 
Cores of this composition when recompressed had 
a tendency to expand five to ten thousandths of an 
inch after compression coating. This resulted in 
hair line cracks in the compression coat at the inter- 
face of the lower and upper granulation fill. 

Of equal pharmaceutical importance, it was 
noted that physical and/or chemical incompatibili- 
ties existed between the active medicinal ingredients 
or tablet excipients of certain core formulations and 
the composition of the coating. This latter mani- 
fested itself by a partial or complete loss of enteric 
properties or by an increase or complete insolubility 
of the coating in intestinal fluid. 

Compression Coating.—The composition of the 
enteric compression coating consisted of triethanol- 
amine cellulose acetate phthalate, lactose, and mag- 
nesium stearate. Table III shows the composition 
of the enteric coating. 


ILI.—-Compression CoatinG GRANULATION 


Triethanolamine cellulose acetate phthal- 
ate 
Lactose 
Magnesium stearate 


FD&C dye, g. s 


20 parts 
78 parts 
1 part 


Screntiric Eprrion 
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The triethanolamine cellulose acetate phthalate 
and lactose were mixed and granulated with puri- 
fied water. A Day Standard Cincinnati Kneading 
and Mixing Machine, equipped with a “Z” type 
agitator, was employed. A _ sufficient quantity 
of purified water was added until the wet mass 
possessed a characteristic “tacky” state. The 
amount of water used was found to be important. 
It was necessary to knead the mass thoroughly. 
The resultant granulation was dried for eighteen 
hours at 26° and at a relative humidity of 30% 
The dry material was reduced to pass through a 
No. 30 mesh screen employing a Model D Fitz- 
pacrick comminuting machine equipped with a No. 
2 perforated stainless steel screen. Table IV shows 
the sieve analysis of the granulation produced. 
The particle size distribution of the compression- 
coating granulation was found to be important to 
the production of a suitable compression coating. 
TasLe IV.-Sreve DistrRisuTion oF Press Coat 
GRANULATION 


Sieve Number % 


Passing Sieve, 


30 100 
40 58 
60 38 
26 
100 23 


The core tablets were compression-coated on a 
Colton No. 232 compression coating machine at the 
rate of 400 tablets per minute. The thickness of 
the compression coating was held to a minimum of 
‘/e inch. The diameter of the compression-coated 
tablet was increased approximately */» inch over 
that of the core tablet. The net coating weight, 
thickness, and diameter of the compression-coated 
tablets are shown in Table II. 

Positive centering of the core tablet was a prime 
requisite for enteric compression coating. Tests 
indicated that a vaiiation of +0.010 inch from true 
center on any axis was obtainable with available 
press coating equipment. Figures 1 and 2 show 
the degree of accuracy obtained in the compression 
coating operation. Figure 1 is an X-ray print of 
compression-coated tablets. Barium sulfate was 
added to the core and coating granulations in dif- 
ferent amounts in order to show distinctly the line 
between the core and the compression coating. 
The tablets shown in the upper left-hand corner 
of Fig. 1 were positioned on edge. The remainder 
of the figure presents the face of the tablets. 

Disintegrating Studies.—A series of studies were 
designed to evaluate the following points in vitro: 
(a) Solubility in official U. S. P. XV gastrointestinal 
fluids T. S., (6) solubility at intermediate pH’s, 
(c) uniformity and reproducibility of the enteric 
coat, (d) loss of the active core ingredient in simulated 
gastric fluid T. S., and (¢) thermal degradation of 
the compression coating. 

The Vanderkamp disintegrating tester was used 
for in vitro disintegrating studies with U. S. P. XV 
simulated gastric fluid T. S. and simulated intestinal 
fluid T. S. The pH of the simulated fluids was 
varied for intermediate studies between pH 1.2 
and pH 7.5 by the amount of hydrochloric acid or 
sodium hydroxide added to the official U. S. P. 
XV fluids. 


| 
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Fig. 1.—An X-ray print of compressed coated 
tablets. Barium sulfate was added to the core and 
coating granulations. In the upper left hand 
corner, tablets were positioned on edge. 
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Fig. 2.—Solubility of an enteric compression coat- 
ing in simulated intestinal fluid after its exposure to 
simulated gastric fluid pH 1.2(U.S.P. XV). Tablets 
were transferred after sixty minutes in gastric fluid 
into intestinal fluid. The intestinal fluid was ad- 
justed to the pH indicated. An asterisk [*] indi- 
cates that the coatings were intact at the end of the 
test. 


Figure 2 illustrates the solubility of the enteric 
compression coating in simulated intestinal fluid 
after a preliminary exposure of the compression 
coated tablets to simulated gastric fluid at pH 
1.2 (U.S. P. XV). The tablets were then trans- 
ferred to the intestinal fluid after sixty minutes in 
simulated gastric fluid T.S. All of the tablets were 
intact at the time of transfer and remained intact 
after one hundred twenty minutes in simulated in- 
testinal fluid T. S. at pH 5.5. At a pH of 5.6, the 
compression coating dissolves within one hundred 
to one hundred ten minutes. At pH 7.5, the com- 
pression coating dissolved within ten to twelve 
minutes. As the graphs indicate, the solubility of 
the compression coating increased as the concentra- 


tion of the hydroxyl ion was increased. It was 
noted that there was little difference in the solubility 
of the compression coating between pH 6.5 and pH 
7.5. 

The uniformity of the in vitro solubility of the 
compression coating of six tablets per test is shown 
in Fig. 3. As this graph indicates, the compression 
coating dissolved in twelve to fifteen minutes in 
simulated intestinal fluid T. S. after exposure to 
simulated gastric fluid T. S. for sixty-minutes re- 
gardless of the nature of the core tablet. The solu- 
bility time of the core tablet was unchanged after 
compression coating. The total time for the com- 
plete solution of the compression coating and the 
disintegration time of the tablet was the sum of 
sixty minutes in simulated gastric fluid T. S., twelve 
to fifteen minutes for the solution of the compression 
coating in simulated intestinal fluid T. S., plus the 
time required for disintegration of the core tablet 
before compression coating. 


f Cating In intestnal F 
we Disintegration Time in intestine 
Fig. 3.—Uniformity of an enteric compression 
coat to solubility im vitro. Each bar represents a 
single tablet. 


The loss of the active ingredient from the core 
tablet through the compression coating during 
exposure to simulated gastric fluid T. S. is shown 
graphically in Fig. 4. The composition of the core 
tablet markedly affected the rate of loss of active 
ingredient, particularly after the first hour of ex- 
posure to simulated gastric fluid T. S. Approxi- 
mately 5% of the active ingredient was lost during 
the first hour of exposure in both the potassium 
iodide tablets and the riboflavin tablets. At the 
end of two hours, approximately 13% of the po- 
tassium iodide core tablet was leached out into the 
simulated gastric fluid T. S. Tests indicated that 
about 7% of the riboflavin was leached from the core 
tablet after two hours of exposure to simulated gas- 
tric fluid T. S. The compression coating was not 
dissolved in either case, but appeared to act as a 
permeable membrane, allowing the slow diffusion 
of the core ingredients into the surrounding medium. 

Disintegration results following the exposure of 
potassium iodide and _ riboflavin compression- 
coated tablets to 26, 37, and 50° for varying lengths 
of time are shown graphically in Fig. 5. After ex- 
posure at 50° for varying lengths of time, the rate 
of solution of the compression coating in simulated 
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Fig. 4.—-Loss of active ingredient through an 
enteric compression coat in simulated gastric fluid 
im vilro 
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Fig. 5.—Stability of an enteric compression coat to 


thermal degradation. 


intestinal fluid differed measurably between various 
compression-coated tablets with different cores. 
Since the only difference between the compression- 
coated tablets was in the cores, it appeared that 
an interrelationship existed between the core formu- 
lation and the coating formulation. The data 
shown in Fig. 5 indicate that this difference was not 
great and that the compression coating exhibited 
enteric properties irrespective of the core formula- 
tion. Tests of compression-coated tablets stored 
for eight weeks at 37° showed no change in enteric 
properties after sixty-minute exposure to simulated 
gastric fluid T. S. The compression coating dis- 
solved in fifteen minutes after transfer to simulated 
intestinal fluid T. S. at pH 7.5. 


DISCUSSION 


The real criterion that must be met in the devel- 
opment of an enteric coating is in the in vivo action 
of the enteric coating. Throughout the develop- 
ment work, the preparation of the pharmaceutical 
forms was calculated to provide information from 
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both in vitro and in vivo tests that coulc be correlated. 
The selection of active principles was made to facili- 
tate biological tests. 

The selection of the style of the core tablet was 
dictated by the mechanics of the compression ma- 


chine. Neither the feeding mechanism nor the 
resultant centering of convex shaped cores was 
satisfactory for compression enteric coating. The 


difference between the style of the core tablet and 
the compression-coated tablets did not alter the 
effectiveness of the compression coating 

It will be noted in Fig. 1 that the compression 
coating was not of the same thickness on all sur- 
faces of the core tablet. A minimum thickness 
of the compression coat on the face of the core tab- 
let of approximately '/» inch was maintained in all 
work. It was necessary to maintain a thickness 
that would impart sufficient cohesiveness of the 
coating within itself to form a coat. 

On the side of the tablet, it was necessary to 
maintain a thicker layer of the compression coating. 
This extra thickness offset the +0.010 inch variation 
from true center and allowed for the increase in the 
diameter of the core produced in the compression 
coating operation. 

The rate of dissolving of the compression coating 
in simulated intestinal fluid T. S. was dependent 
to a significant degree on the thickness of the com- 
pression coating on the core tablet. Since com- 
pression coating offered the opportunity to main- 
tain a relatively constant and uniform thickness, 
uniform solution of the coating and disintegration 
of the core were assured. 

The compression-coating granulation was de- 
signed to produce a disintegration time consistent 
with the U. S. P. requirements for enteric coated 
tablets. It was found that a granulation containing 
20 parts of triethanolamine cellulose acetate 
phthalate with 78 parts of lactose with 1 part mag- 
nesium stearate as a lubricant met this test. In 
addition to the requirements set forth in the U. S. P. 
XV, another desired characteristic of compression 
coating was to provide prompt solution of the coat- 
ing once the compression-coated tablet passed into 
the intestinal media. 

Because of the thin layer of compression coating 
applied to the core tablet, it was necessary to con- 
trol the particle size of the compression-coating 
granulation. Test runs indicated that a granulation 
produced by milling through a 30-mesh screen pro- 
duced a particle size distribution that fed uniformly 
into the die cavity. As Table IV shows, the maxi- 
mum particle size was considerably smaller than 
the conventional tablet granulation. More than 
half of the particles passed a 40-mesh screen. No 
problems of sticking, binding, or capping were en- 
countered in the compression operation. 

The pattern of the solubility of the compression 
coating after exposure to simulated gastric fluid 
T. S. revealed protection to the core ingredients 
against the more acidic medium that may occur in 
the upper portion of the small intestine. When 
the pH of the intestinal content becomes more basic, 
the solubility rate of the compression coating in- 
creases. In all cases, the compression coating 
went into solution at pH 5.6 after a sixty minute 
exposure of the compression-coated tablets to simu- 
lated gastrie fluid T. S. 
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It was felt that a disintegration at pH 5.6 pro- 
vided adequate protection to the core tablet while 
passing through the stomach and, at the same time, 
offered assurance for the release of the medicament 
when it reached the proximal section of the 
intestine. It was recognized that the individual 
variations in the pH of the gastrointestinal tract 
would influence the location at which the com- 
pression coating would dissolve. The im vivo tests 
which are discussed in Part II, showed that the com- 
pression coating did hold up until the tablet so 
protected had passed into the intestine. This 
indicated a usefulness for protecting acid-labile 
drugs against the low pH levels of the stomach 
and for providing for the release of the active prin- 
ciple from medicaments when the preferred location 
of initial availability is in the intestines 

The uniformity of release of the core tablet at a 
specified pH within a consistent time interval was 
demonstrated throughout the im vitro work. It 
appeared that this was a substantial benefit to be 
gained from compression coating. The superior 
reliability of the compression coating offered the 
opportunity for the preparation of enteric-coated 
tablets having a predictable disintegration in vivo. 

It was found that certain active ingredients may 
leach through the compression coating during ex- 
posure of the compression coated tablet to simulated 
gastric fluid T. S. This phenomenon was not felt 
to be an important barrier to the use of compression 
coating in the preparation of enteric-coated tablets. 
The rate of leaching varied with the nature of the 
core tablet and the compound present. At no time 
was this rate of leaching significant to the point that 
a substantial quantity of the core tablet was lost in 
the gastric environment. 

The stability of the compression-coated tablet 
was investigated thoroughly. It was shown that 
the compression coating provided resistance to 
simulated gastric fluid T. S. and rapid solubility in 
simulated intestinal fluid T. S. after four weeks, 
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and more, of exposure to 50°. This was felt to be a 
severe test. Similar compression-coated tablets 
exhibited the appropriate enteric properties after 
six months, and more, of exposure to 37°. Com- 
pression-coated tablets, stored at room temperature 
for one year, retained the same enteric properties 
that were present when the tablets were first made 

The solubility of the compression coating in an 
acid medium of pH 2.8, or above, without prior 
exposure to a simulated gastric fluid T. S. of pH 
2.6, or below, indicated that the core tablet would 
be readily available in persons with achlorhydria. 
One of the functions of an enteric coating is to pro- 
tect the core tablet against the acid secretions of 
the parietal cells. There appeared to be no require- 
ment for enteric protection in the absence of this 
secretion for drugs that do not produce gastric 
irritation. 

The proper use of the compression coating that 
was developed requires individual consideration to 
the formulation of each core tablet and to the com- 
position of the compression coating granulation 
appropriate to the ingredients in the core tablet. 
Each combination of core tablet and compression 
coating should be evaluated as a single entity 

The in vitro tests were correlated and validated by 
in vivo studies. Part II of this paper describes 
the clinical methodology adapted to the devel- 
opment program. A close correlation was estab- 
lished between the in vitro studies and the in vivo 
work. 
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An Enteric Compression Coating II* 


In Vivo Studies With Barium Sulfate-Potassium Iodide and Barium 


Sulfate Tablets 


By CHARLES M. GRUBER, Jr.,. ANTHONY S. RIDOLFO, 
and WILLIAM A. TOSICK 


Barium sulfate and barium sulfate-potassium iodide tablets with special character- 


istics were aoe to test a new enteric compression coating. The location and 


passage of t 


ese tablets into the gastrointestinal tract was controlled by the position 


of patients or by the attachment of strings to the tablets. Dissolution of the coat- 
ing and core was demonstrated in vivo by X-ray, by the saliva iodide test, and by re- 
covery of the tableis. The coating was found to resist gastric fluid and to dissolve 
rapidly in intestinal fluid by both the én vitro and the in vivo testing methods. The 
rate of absorption of iodide was influenced by the position of the patients. 


T= PROPERTIES of a satisfactory enteric 
coating should protect the stomach from 


* Received May 2, 1958, from The Lilly Laboratory for 
Clinical Research and the X-ray Department, Indianapolis 
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The authors wish to acknowledge the assistance of Paul 
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irritation by drugs which produce this effect 
and/or protect unstable medications against 
inactivation by gastric fluid. Therefore, enteric 
coatings must be durable when in the stomach 
and dissolve or digest in the intestine. 


= 
4 
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The purpose of this communication is to report 
the in vivo effectiveness of an enteric compression 
coating.' Special barium sulfate and/or potas- 
sium iodide cores and special techniques were 
used to demonstrate stability of the coating in the 
stomach and solubility in the intestine. 


METHODS 


Subjects.—Both male and female human volun- 
teers were used throughout these studies. They 
ranged in age from 23 to 67 years. None had 
symptoms suggesting abnormalities of the gastro- 
intestinal tract 

Tablet Cores.—Three compressed core tablets 
possessing different disintegration characteristics 
(1) were used. The ingredients of these cores are 
presented in Table I. 


Tas_e I.——-INGREDIENTS OF THE THREE COMPRES- 
ston Core TABLets Usep to Strupy THE ENTERIC 
CoMPRESSION COATING 


- Cores, Gm - 
B 


Barium sulfate 0.1000 
Starch powder 0.2 
Potassium iodide 0.1810 0.0400 
Sodium CMC 70 low 0.0035 0.0021 
Magnesium stearate 0.0055 0.0028 0.0046 


Guar gum 00380 
Lactose 0.0669 0.1464 
Sodium bicarbonate 0.0415 
Citric acid 0.0287 
Total 0.5500 0.2820 0.4550 


Tablet Coating.—The tablet coating has 
described in detail (2) 

Techniques.—To test the stability of this enteric 
coating in the stomach, four methods have been 
used separately or in combination. These tech- 
niques are as follows: the saliva iodide test, X-ray 
examinations, positioning patients to utilize the 
the effect of gravity, and extraction by means of a 
string to which the tablet is attached. 

The Saliva lodide Test (3).—-When a small amount 
of potassium iodide is ingested and absorbed, a por- 
tion is concentrated and secreted by the salivary 
glands. The saliva promptly contains appreciable 
amounts of iodide which can be reduced to iodine 
by means of 2% sodium nitrite and 0.25 N sulfuric 
acid solutions. With 1% soluble starch a blue 
color develops which indicates the presence of the 
iodine. One-milliliter aliquots of these three rea- 
gents were used to test the time of appearance of 
iodide in the saliva of patients taking iodide contain- 
ing tablets. The saliva tests were repeated at ten- 
minute intervals. 

X-ray Examination.—Periodic examinations by 
X-ray have been used to determine the in vivo disin- 
tegration rate of barium sulfate tablets (4). It is 
possible, by means of abdominal flat plate exami- 
nations, to estimate the approximate location of 
radio-opaque tablets as well as to determine the 
occurrence of disassociation of the tablet particles. 

Positioning Patients to Utilize the Effect of Gravity. 

With the rare exception of situs inversus, gravity 


been 


' Dicote, The trade name of Eli Lilly and Co. for press 
coated tablets 
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tends to prevent the passage of material into the 
intestine of a subject lying on his left side. De- 
layed passage from the stomach into the intestine 
was accomplished by this means. Thus, im situ 
exposure to physiological gastric secretions was 
prolonged. 

Extraction by Means of a String to Which the 
Tablet is Attached.— A loop of crochet cotton formed 
with a slip knot was placed around the diameter of 
a tablet and tightened. The string was then made 
adherent to two points on the circumference of the 
tablet by means of Duco cement. The tablet was 
swallowed and, by means of the string, allowed to 
pass a known maximum distance down the alimen- 
tary canal. After a specific time interval had 
elapsed, it was possible to remove the tablet for in- 
spection by pulling out the string. 

In the average adult, the entire im situ lengths of 
the pharynx, esophagus, and stomach are, respec- 
tively, 12, 25, and 20 cm. (5). A tablet attached 
to the end of a string 18 to 20 inches in length and 
measured from the tooth margin should reach the 
stomach but not pass through the pylorus; strings 
30 inches in length allow tablets to pass into the in- 
testine. 


RESULTS 


Guar Gum Core Tablets.—/» vitro—When these 
tablets were uncoated or sugar coated, they dis- 
integrated completely within thirty minutes after 
inversion and agitation in simulated gastric fluid 
T. S. When the enteric coating was compressed 
about these cores, no disintegration was observed in 
gastric fluid. These tablets were transferred to 
simulated intestinal fluid after one hour. Partial 
disintegration was observed in fifteen minutes, but 
disintegration was not complete in sixty minutes. 
These tablets formed gummy masses with dry cen- 
ters which were resistant to solution and disintegra- 
tion. When gentle mechanical trauma was added 
to inversion and agitation, disintegration was com- 
plete in intestinal fluid 

In Vivo.—Each of four subjects, after fasting for 
tweive hours, was administered five sugar-coated, 
guar-gum tablets. After swallowing the tablets, 
each subject was positioned on his left side. X-ray 
examination after one hour demonstrated the tab- 
lets to be in the stomach. They appeared to be 
completely disintegrated in two subjects, and had a 
mottled and swollen appearance in the other sub- 
jects. The saliva tests, however, remained nega- 
tive. At the end of the hour, the subjects assumed 
an erect state. Ten minutes later the saliva tests 
were positive. Subsequently when these same sub- 
jects remained in the erect posture after taking 
five sugar-coated, guar-gum tablets, all saliva tests 
were positive within twenty minutes and, by X-ray, 
the tablets had disintegrated within one hour. 

Five enteric compression coated, guar-gum tab- 
lets were administered to these same subjects on a 
later date and pesiticning carried out for one hour. 
At the end of this time, by X-ray, the tablets ap- 
peared to be intact and in the stomach. Thirty 
minutes after the patients assumed the erect pos- 
ture, most of the tablets appeared to be in the in- 
testine. The development of positive saliva iodide 
tests after tablets were in the intestine for approxi- 


| 
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mately one hour and the ragged-edged mottled 
tablet shadows closely paralleled the development 
of the gummy masses observed in the in vitro 
tests (see Table II). 

Two enteric compression coated, guar-gum tablets 
were attached to a _ single string, one at 20 
inches and one at 30 inches. Small metal rings 
were attached approximately ‘/: inch above 
these tablets. Two subjects swallowed these 
contraptions. After three hours, the X-ray picture 
(Fig. 1) and the withdrawal of the strings demon- 
strated undisintegrated cores. On each o¢casion, 
the coating of the tablet was dissolved, but a gummy 
mass was extracted. Thus the impression that 
gummy masses developed in vivo was confirmed. 


Effervescent Core Tablets.—Jn vitra.—These 
cores were completely disintegrated three minutes 
after emersion in simulated gastric fluid. After 
the enteric compression coating was applied, the 
tablets were stable for sixty minutes in gastric fluid, 
but effervesced within ten minutes and disintegrated 
completely within twenty-five minutes after being 
transferred to simulated intestinal fluid 

Again, when five subjects were given five tablets 
and then remained recumbent (left side) for one 
hour, the saliva iodide tests remained negative 
although no tablets were visible by X-ray. When 
the subjects sat up, the saliva test was positive 
within ten minutes. When five tablets were taken 
and the subjects remained erect, the saliva test was 
positive within ten minutes. 

When enteric coated tablets were used, intact 
tablets were visible in the stomach at the end of 
one hour and saliva tests were negative. Within 
one hour after the subjects sat up all of the tablets 
had disappeared, by X-ray, and the saliva tests 
were positive. 

Each of two subjects swallowed enteric com- 
pression coated effervescent tablets attached to 20- 
inch strings. Two hours later, by X-ray and by 
inspection after extraction (Fig. 2), the coating ap- 
peared to have ruptured and the core to have ef- 
fervesced through this opening. 


Subject 1 (B. M.) 
X-ray———. 


Stom- Intes- Stom. Intes- 
Min Saliva ach tine Saliva ach tine 


0 N 
10 N 
20 I N 
30 
40 
60 
70 
80 
90 

100 

110 

120 

130 

140 

150 


TABLE II* 


Fig. 1.—Tablet cores containing guar-gum did not 
disintegrate in the stomach or intestine, although 
potassium iodide was absorbed from these tablets. 
The cores were visible by X-ray for several hours 
and tablet shaped masses were withdrawn. 


Starch Powder Core Tablets.—/» vitro.—These 
cores were 100° disintegrated after three minutes 
of immersion and agitation in simulated gastric fluid. 
When enteric compression coated, they were stable 
for one hour in gastric fluid, but were disintegrated 
completely thirty minutes after being transferred 
to simulated intestinal fluid 

In vivo.—Ten, young, healthy males, after fasting 


Subject 3 (J. G.) 
—X-ray-— 
Stom- Intes- 
Saliva ach tine Saliva 


TULL 


4 0 4 


* This table presents the results obtained with subjects who received five enteric compression coated, guar-gum tablets. 
The location and number of distinct tablets are reposted. A trace (T) of iodide was considered present in the saliva when a 
faint bluish tint occurred, and the saliva iodide test was considered positive (P) when a definite blue color developed, (N) is 


negative 


Patient lying on the left side assumed an erect position at this time. 


© Tablet shadows with ragged edges and/or mottled density. 


|, 
a 
| H a 3 
| Ww »~ 
| 
— — = = = — 
Subject 2 (A. M.) bject 4 H.) 
X-ray ~ X-ray——. 
Stom Intes 
5 0 5 0 
3 2 l 4 
Qe De 0 
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of administration, and continuing until the time 
of withdrawal. Each subject remained on his 
right side for the first one and one-half hours to 
assist the passage of the free tablet and the most 
distal tablet through the pylorus (see Table III). 
Of the ten tablets located distally on the strings, 
only five were completely disintegrated and an 
empty loop of string recovered. One of the proxi- 
mally located tablets showed disintegration on visual 
examination. With one exception, proximal tab- 
lets were larger than their respective distal tablets. 
Bile stains were in evidence on the strings, and the 
coatings of the distal tablets were visibly thinned 
by the exposure to intestinal fluid. The X-rays at 
the time of withdrawal showed that the free tablets 
had passed through the pylorus. 

Ten different white males, after fasting for six 
hours, were administered three compression coated 
starch powder tablets. These subjects remained 
recumbent (left side) and were examined by 
X-ray at hourly intervals after ingestion of the 
tablets. On another date they were administered 
three tablets, but remained erect. A _ crossover 
design was used. The results are presented in 
Table IV. When the patients remained on their 
left sides, 29 of the 30 tablets were visible in the 
stomach and pylorus at the end of one hour. Nine- 
teen of the 30 were still visible after two hours 
In an erect position, 20 of the 30 tablets were visible 
after one hour, and only 4 at the end of two hours. 

Fig. 2.—An effervescent press coated tablet with- 
drawn from the stomach after two hours. A rupture 
is apparent in the coreless shell. The X-ray picture 
suggests effervescence through this hole. 


DISCUSSION 


The nature of the ingredients added as adjuncts 


twelve hours, were given three enteric compression 
coated tablets as a single dose. Two of these tablets 
were attached to a string (one at 20 inches and one 
at 30 inches). The third tablet was free. X-ray 
examinations were made at thirty-minute intervals 
starting at one and one-half hours after the time 


to facilitate disintegration markedly affect the in 
vitro and in vivo characteristics of tablets. Neither 
the official U. S. P. XV method of testing disintegra- 
tion nor the im vivo methods demonstrated accept- 
able disintegration characteristics with the tablets 
containing guar-gym. Constant energetic agita- 


Tas_e WHEN Two ENTERIC CoMPRESSION CoaTED STaRcH PowpER TABLETS 
WERE ADMINISTERED ON A STRING 
——20-Inch String 30-Inch String 
Diam Thick- Diam Thick- 
eter, ness, eter, ness, 

Pa- in in in in Bile 
tient Hours X-ray Inches Inches Remarks X-ray = in Inches Inches Remarks Stain 
1 2 aa 0.511 0.325 Whole 0 0 0 Disintegrated + 
2 2 + 0.302 0.242 Fractured 0 0 0 Disintegrated a 

along 
string 
3 3 + 0.200 0.050 Thin 0 0 0 Disintegrated + 
septum 
at string 
4 3 + 0.300 0.300 Fractured 0 0 0 Disintegrated + 
along 
string 
5 2'/s + 0.507 0.326 Split along 0 0 0 Disintegrated 
edge 
6 2'/2 + 0.491 0.308 Whole + 0.290 0.318 Fractured 
along string 
7 2"/2 + 0.513 0.308 Whole + 0.467 0.286 Split along ? 
string 
8 3 + 0.486 0.305 Whole + 0.486 0.338 Split along ? 
string 
9 3 + 0.514 0.315 Split along + 0.492 0.312 Split along + 
edge edge 
10 3 + 0.526 0.327 Split along + 0.509 0.309 Whole - 


edge 
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Patient 
Number — 1 2 3 1 5 


lst Hour 
Stomach 0 3 2 1 2 
Pylorus 0 0 0 0 0 
Intestine xX? 0 0 0 x 
2nd Hour 
Stomach 0 3 0 0 0 
Pylorus 0 0 0 0 1 
intestine 0 0 0 0 0 
3rd Hour 
Stomach 0 0 0 
Pylorus 0 0 0 


Intestine 0 


ist Hour 
Stomach 3 3 2 3 3 
Pylorus 0 0 0 0 0 
Intestine 0 0 0 0 0 
2nd Hour 
Stomach 0 3 0 1 3 
Pylorus 0 0 0 0 0 
Intestine 0 0 0 0 0 
3rd Hour 
Stomach 0 0 1 
Pylorus 0 0 0 
Intestine 0 0 0 
4th Hour 
Stomach 0 
Pylorus 0 


Intestine 


Posture—Lying on 


6 7 10 Total 
Posture— Erect 


1 2 3 0 3 17 

0 0 0 3 0 3 

0 0 0 0 0 0 

0 0 0 0 0 3 

0 0 0 0 0 

0 xX 0 xX xX 0 
0 0 0 
0 0 0 


Left Side 

3 3 2 3 3 28 
0 0 1 0 0 l 
0 0 0 0 0 0 
3 3 3 3 19 
0 0 0 0 0 
0 0 0 0 0 
3 0 0 x 1 5 
0 0 0 0 0 0 
0 0 0 0 0 0 
0 0 0 
0 0 0 


0 


* Rach patient received a dose of three enteric compression coated, starch powder tablets at zero hour 


The location of the 


tablets is given one, two, and three hours after gees with the patient erect; and one, two, three, and four hours after in- 


gestion with each patient lying on his left side 
6 X = Shapeless mass of barium sulfate. 


tion or gentle mechanical trauma tend to separate 
the particles of tablets that would otherwise form 
soft gummy masses in vivo. The agitation recom- 
mended by the U.S. P. XV may be excessive in com- 
parison to physiologic agitation. 

Positioning of the patients influences the rate of 
passage of tablets through the pylorus. This fact 
must be recognized in the treatment of patients in 
bed. The pharmacological response to therapeutic 
doses of active drugs will be altered if the drugs are 
not absorbed through the stomach wall and remain 
unabsorbed because of the position of the patient. 

These tablet cores were formulated to check the 
effectiveness of the enteric compression coating. 
In vitro studies indicate protection of core tablets 
by this coating for at least one hour in simulated 
gastric fluid T. S. followed by solution fifteen to 
twenty minutes after transfer to simulated intestinal 
fluid T. S. Jn vivo studies also indicate adequate 
stability for at least one hour in the stomach. 
Rapid solution to this coating is apparent in the 
duodenum. This close correlation between the in 
vitro and % vivo results indicates the accuracy of the 
official U. P. method of testing disintegration in 
predicting the disintegration in the body. 


he number of apparently intact tablets is recorded 


CONCLUSIONS 


1. Anenteric compression coating will protect 
core tablets from the effects of gastric fluid for 
at least one hour. 

2. This coating dissolves rapidly in intestinal 
fluid. 

3. Suitable techniques have been described 
which correlate in vitro and in vivo evaluations of 
enteric coatings. 

4. The rate and degree of absorption of medi- 
cations may be influenced by the position of the 
patient. 


REFERENCES 


(1) “United States Pharmac: Fifteenth Revision, 
Mack Printing Co., Easton, Pa., 1955 

(2) Blubaugh, F. C., and Zapapas, J. ®., Tears Journat, 
47, 857(1958) 

(3) Hawk, P. B., Oser, B. L., and Summerson, W. H 
“Practical Physiological 12th ed., Blakiston 
Co., Philadelphia, Pa., 193 

(4) ‘wees F. S., and Rhodes, P., Turs Journat, 24, 567 
(1935 

(5) Cc. “Human Anatomy,” Blakiston Co., 
Philadelphia, Pa., 


I 
866 
0 0 
0 0 0 | 


tere 


An Enteric Compression Coating III* 


In Vivo Studies With Ilotycin' Tablets 


By CHARLES M. GRUBER, Jr.. ANTHONY S. RIDOLFO, 
and RICHARD S. GRIFFITH 


Erythromycin loses antibiotic activity on contact with gastric acid. A new enteric 
compression coating was applied to erythromycin tablets. 


These were adminis- 


to patients, and either allowed free passage through the intestinal tract or 
restricted to the stomach or upper intestine by means of attached strings. 


Tablets 


withdrawn after two hours contact with im situ gastric secretions (20-inch strings) 


were essentially whole. 


rapid solution of the coating occurred an 
concentrations ap 
teric coating was 


COATINGS are applied to prevent the 

inactivation of drugs by gastric secretions. 
Erythromycin loses its antibiotic activity on con 
tact with gastric secretions (1). It is absorbed 
in the intestine and appears in the blood stream. 
The concentration in the serum is related to the 
quantity of erythromycin available and depend 
ent upon the amount absorbed. Adequate pro- 
tection in the stomach and release in the intestine 
are essential for maximal therapeutic effective 
An enteric coating is one possible way of 
achieving this result. 

In previous papers a new enteric coating* was 
reported. Jn vitro evaluation (2) 
quate protection of coated tablets against sim- 
ulated gastric fluid T. S. for one hour followed 
by rapid solution in simulated intestinal fluid 
Similarly, an in vivo evaluation (3) indicated 
satisfactory protection for one hour in the stomach 
and solution in the duodenum. This paper 
reports on the in vitro and in vivo evaluation of 
enteric compression coated erythromycin tablets. 


ness. 


showed ade- 


METHODS 
Subjects.—Male volunteers who had no apparent 
illness were used throughout these tests. They 


fasted overnight and for at least two hours after 
the tablets were swallowed 

Tablet Core.—The basic tablet core contained 
250 mg. of erythromycin base. Starch paste, 
q. S., was used as the granulating medium with a 
sufficient quantity of starch powder added before 
and after granulation to insure tablet disintegra- 
tion. Magnesium stearate was added as the lubri- 
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coated tablets 


When allowed to 


ared in the serum. Both 
ound to protect erythromycin in the stomach and to liberate it in 
the intestine. 


ass into the intestine (30-inch strings) 
significant elevations of erythromycin 
y in vitro and in vivo tests, the en- 


cant. These tablets 
coated. 

Enteric Compression Coating.—This coating has 
been adequately described in a previous publica- 
tion (2) 

In Vitro.—U. S. P. XV (4) tests were used to 
evaluate the enteric properties of the compression 
coating. 

In Vivo.—The concentration of erythromycin in 
blood serum was determined by the Ziegler (5) 
modification of the Rammelkamp method (6). 
This involved a twofold tube dilution techaique and 
the use of S. hemolyticus C-203 as a test organism. 

One method chosen for the evaluation of the in 
vivo effectiveness of the enteric compression coating 
permitted the withdrawal of the coated tablet after 
contact with im sifu physiological secretions (3). 
Coated erythromycin tablets were attached to 


were enteric compression 


strings. These strings were either 20 or 30 inches 
long. The 20-inch string did not allow the tablet 


to pass through the pylorus. A crossover experi- 
ment was conducted so that on each of two days, 
five subjects received the tablet attached to 20-inch 
strings, and the others, tablets attached to 30-inch 
strings. Each subject, after swallowing the tablet 
attached to a 30-inch string, remained on his right 
side for one and one-half hours, at which time a 
supine, arterior-posterior, abdominal flat plate 
roentgenogram was made. A small stainless steel 
ring attached to the string approximately '/: inch 
above the tablet made it possible to determine its 
location by X-ray. The strings were withdrawn 
after two hours. Blood samples were taken at zero, 
one, two, four, six, eight, and ten hours for determi- 
nation of the concentration of erythromycin in the 
serum 

Forty-nine subjects from a penal institution were 
given 250 mg. of enteric compression coated eryth- 
romycin. Blood specimens were obtained at two, 
four, six, and eight hours and the serum concentra- 
tion of erythromycin determined. 


RESULTS 


In Vitro.—-The enteric compression coated tab- 
lets were stable for at least one hour in simulated 
gastric fluid 

The time required for solution of the coating in 
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simulated intestinal fluid T. S., employing the 
U.S. P. XV disintegrating apparatus, was approxi- 
mately twenty minutes. Disintegration of the 
core took place, in part, before complete solution of 
the coating (Table I) 

In Vivo.—Examination of the X-ray films ob- 
tained in the in vivo tests indicated that the metallic 
ring attached at 30 inches was in or near the pylorus 
of four subjects and definitely through the pylorus 
of the other six subjects. The 20-inch length of 
string prevented the metallic ring from reaching 
the pylorus. 

On withdrawal of the 30-inch strings, 7 of the 10 
disclosed an empty loop (see Fig. 1) with some of 
the Duco cement and usually some undissolved 
coating attached. The other 3, on withdrawal, 
showed partially disintegrated tablets. Seven of 
the 10 strings were definitely stained with bile 
pigment. 


Member Length of String Pationt Mumeer Length of Strong 
20 w 


Fig. 1.—A photograph of the enteric compression 
coated erythromycin tablets which were attached 
to 20-inch strings and confined to the stomach or to 
30-inch strings and allowed to pass into the intestine 
After two hours in contact with im situ physiological 
secretions, they were extracted by pulling on the 
strings. The steel ring was tied just proximal to the 
tablets so that they could be located by X-ray. 


The 20-inch strings did not show bile stain. Tab- 
lets were extracted in every instance (see Fig. 1). 
The coating on three of the tablets showed a small 
split along one side, which may have occurred be- 
fore, during, or after the process of extraction. It 
was apparent that no significant amount of core 
material had escaped through these splits. 

Eight of the subjects noticed a definite “pull” on 
the 30-inch string. This occurred shortly before or 
after the X-ray (at the end of one and one-half 
hours after swallowing the tablet). It is thought 
that this “pull’’ coincided with the passage of the 
tablet through the pylorus. Two of the three sub- 
jects from whom a portion of a tablet was recovered 
on withdrawal of the 30-inch string noticed the 
“pull” just prior to the extraction time of two hours. 
Only one individual observed a “pull” when taking 


Tasie I.—AN ESTIMATE OF THE PeR CENT 


Simulated Gastric 


or SOLUTION OF THE COATING AND DISINTEGRATION OF THE 
Core 


a tablet affixed to a 20-inch string. This string was 
not bile stained 

The mean serum concentrations of erythromycin 
for the 10 subjects are presented graphically in Fig. 
2. When the tablets were attached to 20-inch 
strings, the serum concentrations of all of the blood 
samples obtained were negative. Although the 
serum concentration obtained in the three subjects 
who received only a part of a tablet from the 30- 
inch string are included, the mean serum concen- 
tration for these 10 subjects increased to a satisfac- 
tory extent. 

The mean serum concentrations of erythromycin 
for 49 subjects obtained through a local penal insti- 
tution receiving one free tgblet are also presented 
in Fig. 2. Satisfactory concentrations were ob- 
tained in these subjects. 


TABLETS te IO 


‘ 
HOURS AFTER TE ATION OF MEDIC ATION 


Fig. 2—The serum concentration of erythromycin 
for the ten subjects when enteric compression coated 
tablets were confined to the stomach for two hours 
were negative on all blood samples. When the 
tablets entered the intestinal tract (on the end of 
30-inch strings), appreciable serum concentrations 
of erythromycin were obtained. Free tablets also 
produced satisfactory serum concentrations. 


DISCUSSION 


One of the most remarkable features of this 
study has been the similarity of results obtained 
with the im vitro and in vivo test methods. All of 
the methods demonstrated that the compression 
coating is an effective enteric coating. It resists 
solution in gastric fluid and dissolves promptly and 
completely in intestinal fluid, While fracture of 
the coat was not observed for one hour im vitro, it 
occurred in 3 of the 10 subjects after two hours in 
vivo. No evidence of exposure of core material to 
gastric secretions was present, It is likely, there- 
fore, that the coating split under the strain of its 
passage upward through the esophagus and pharynx. 

The position of the metallic rings by X-ray, the 
bile stained strings, the empty loops, the observa- 
tion of a “pull” on the string, and the concentration 
of erythromycin in the serum indicate the prompt 
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Enteric compression coated 18 0 0 5 50 85 90 100 
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disintegration of the tablet after passing into the 
intestine. Thus, the results of the in vitro tests are 
supported by these in vivo studies. 

When single tablets containing 250 mg. of eryth- 
romycin base enclosed within an enteric compression 
coating were administered to fasting patients, a 
minimum therapeutic concentration of 4 mg. of 
erythromycin per 10 ml. of serum developed in 
about two hours. This therapeutic concentration 
was maintained for approximately nine hours. 


CONCLUSIONS 


1. An enteric compression coating will pro- 
tect erythromycin tablet cores from deactivation 
by gastric fluid. 

2. This coating dissolves rapidly after passing 
through the pylorus and liberates the erythromy- 


cin from the tablet cores. 
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3. Therapeutic concentrations of erythromy- 
cin are present within two hours and persist for 
at least nme hours after the oral administration 
of 250 mg. of erythromycin protected from gastric 
secretions by the enteric compression coating. 

4. Similar results were obtained by means of 
in vitro and in vivo test methods. 
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An Enteric Compression Coating IV* 


Studies With Acetylsalicylic Acid (A. S. A.') Tablets 


By ANTHONY S. RIDOLFO, CHARLES M. GRUBER, Jr., and RALPH C. 
CARMICHAEL 


Repeated administration of acetylsalicylic acid may produce gastric irritation. A 
new enteric compression coating was applied to tablets containing 325 mg. (gr. v) 


acetylsalicylic acid. 


and the concentration of salicylate determined in the plasma. 


One, two, and four tablets were given to each of 10 volunteers 


The results of in 


vitro and in vivo tests indicate that the coating will protect the stomach mucous 
membrane from irritation by acetylsalicylic acid. Kapid solution occurred on 
contact with intestinal fluid. The serum concentration of salicylate was measur- 


able in two to four hours. 


The maximum concentration achieved and the duration 


of measurable concentrations increased with increasing doses of coated tablets. 


=e COATING may be used to protect the 

membrane from irritation 
by drugs which tend to produce nausea and epigas 
tric distress. Acetylsalicylic acid is a recognized 
gastric irritant and has been incriminated in 
ulcer production (1-3). A coating which will 
protect the gastric mucosa and is rapidly removed 
in intestinal secretions is necessary, therefore, 
for repeated or continued use of this valuable 
analgesic in patients with diseases producing 
chronic pain. Previous have 
described other studies involving a new enteric 
coating.” 


gastric mucous 


papers (4, 5) 


METHODS 
Tablet Core. 


of acetylsalicylic 
acid 


The tablet core contained 325 mg. 
acid, starch powder, and stearic 
Tablets were compressed from a slugged 


* Received May 2, 1958, from the Lilly Laboratory for 
Clinical Research, Indianapolis General Hospital, Indianapo 
lis, Ind 

A. S. A. (acetylsalicylic acid, Lilly) 

? Dicote, the trade name of Eli Lilly and Co 

coated tablets 


for press 


granulation of the above mixture and _ enteric 
compression coated 

In Vitro.—U. S. P. XV (6) tests were used to eval- 
uate the enteric properties of the press coat. 

In Vivo.—Nine fasting, healthy, white, male 
subjects were administered, at weekly intervals, 
single doses of one, two, or four enteric coated tab- 
lets containing acetylsalicylic acid. Blood speci- 
mens were taken at zero, two, four, six, eight, twelve, 
and twenty-four hours. The concentrations of 
salicylates in the serum were determined by the 
method of Coburn (7). 

Five patients with chronic painful diseases were 
given gradually increasing doses of the enteric coated 
tablets every four hours. After several days of ad- 
ministration at the maximum dose given, blood 
samples were obtained just prior to the next dose. 
Serum concentrations of salicylates in these blood 
samples were determined. 


RESULTS 


In Vitro.—The results are presented as an esti- 
mate of the per cent of solution of the coating and 
disintegration of the core noted at the various time 
intervals (see Table 1). 

In Vivo.—The mean blood salicylate concentra- 
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Fig. 1.—-Nine subjects received single oral doses 
of acetylsalicylic acid as plain tablets and Dicote 


tablets. Concentrations of salicylate were deter- 
mined periodically. The mean concentrations are 
plotted 


tions at the different hours for the nine patients are 
presented in Fig. 1. With uncoated tablets, the 
maximum serum concentration was present in two 
hours and no measurable amount remained after 
twenty-four hours 

When the coated tablets were given, the maximum 
concentration of salicylate was not observed until 
the eighth to twelfth hour, but an appreciable 
amount was still present after twenty-four hours. 
By increasing the number of enteric coated tablets 
from one to four, the total serum concentration was 
increased. This total reflects an increase in maxi- 
mum concentration obtained and in the total dura- 
tion of appreciable serum levels. None of these 
patients observed any sign of toxicity with these 
doses. 

The results obtained with repeated administra- 
tion of coated acetylsalicylic acid tablets are pre- 
sented in Table II. Undesirable side-effects were 
observed by one patient (A. C.). This woman, 
aged 56, with chronic rheumatoid arthritis, on pre- 
vious occasions, observed similar effects when 650 
mg. of acetylsalicylic acid were given every four 
hours. She was purposely used in this study because 
of her low tolerance and need for salicylate therapy. 


DISCUSSION 


The in vitro and in vivo tests indicate the reli- 
ability of this enteric coating. Such a coating 
minimizes the frequency and intensity of nausea, 
vomiting, and other signs of gastric irritation. How- 
ever, nausea, vomiting, ringing in the ears, and 


TaB_e II.—Tue Serum CONCENTRA 
TIONS OF Five PaTIeENTS DETERMINED AFTER 
REPEATED Doses oF ENTERIC COMPRESSION 


CoaTep ACETYLSALICYLIC Actp TABLETS 


Salicylate 


Dose in Concentration 
Tablets in Serum, 
Pa Days q. 4 hrs mg./ 100 cc Side- Effects 


A.C 2 3 35.8 Nauseated, 
ringing 
in ears 

W.H 4 4 22.6 None 

J.B 2 4 17.0 None 

L.M 3 4 12.4 None 

CW 2 4 25.2 None 


other signs of salicylism will occur if the serum con 
centration of salicylate is sufficiently large 

This coating was resistant to solution in the 
stomach. Therefore, salicylate absorption was not 
as prompt as with uncoated tablets. This delay 
was reflected in the slower development of the maxi- 
mum concentration of salicylate in the serum. The 
uncoated tablet is advantageous when prompt relief 
from a single dose of this analgesic is desired. The 
enteric coated tablets are preferable for repeated 
administration in the treatment of continued or 
chronic pain. 


CONCLUSIONS 


1. The enteric compression coating does not 
dissolve in gastric fluid for at least one hour and, 
therefore, protects the stomach mucosa from 
irritation by acetylsalicylic acid. 

2. It dissolves in intestinal fluid, permitting 

the tablet core to release acetylsalicylic acid. 
3. Measurable serum concentrations of salicy! 
ate are present two to four hours after ingestion 
of one to four enteric compression coated acetyl 
salicylic acid tablets. 

4. <A progressive incregse in the maximum con- 
centration of salicylate in serum and in the dura 
tion of salicylate concentrations occurred with 
increasing doses of enteric coated tablets. 
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A Study of the Interaction Between Quaternary 
Ammonium Compounds and Several Certified Dyes* 


By LEON LACHMAN, ROY KURAMOTO, and JACK COOPER 


In the Lp ay of solutions containing quaternary ammonium compounds and 


certifie 
tons. 


dyes, it was found that precipitation or clouding resulted in several solu- 
A phase study between several quaternary ammonium compounds and dyes 


has been performed to determine the concentration relationship needed to cause 


precipitation of the reacted species. 


Phase diagrams are presented for the systems 


chloride-dye, benzalkonium chloride-dye, and dodecyldimethyl! 


(2-p' 


enoxyethyl) ammonium bromide'-dye. 


Three certified dyes, D&C Yellow 


No. 10, FD&C Red No. 1, and FD&C Blue No. 1 were used wirh each quaternary am- 
monium compound. These phase diagrams indicate the areas of physical com- 
patibility and incompatibility. 


yo liquid pharmaceutical products pres- 
ently on the market containing quaternary 
ammonium compounds as antiseptics are gener- 
ally colored with certified dyes. It is usually 
assumed that no chemical or physical incom pati- 
bility exists in these formulations. However, 
recent observations in our laboratories indicate 
that this generally accepted assumption does not 
appear to be entirely correct. It would appear 
that this assumption was prevalent for the follow- 
ing reasons: (a) in the concentration range nor- 
mally employed for the color and the quaternary 
ammonium compound, no obvious physical or 
chemical incompatibility is observed; and (6) 
if a gross physical incompatibility does result in 
any given formulation, in most cases, this par- 
ticular preparation is rejected without further 
investigation. 

Reports concerning interactions between qua- 
ternary ammonium compounds and various ani- 
onic agents have been published in the recent liter- 
ature (1-15). Benigno and Berti (1) and others 

2-4) have reported on the decrease of the 
bactericidal effect of quaternary ammonium 
compounds upon interaction with anionic deter- 
gents. Several publications (4-7) describe the 
use of the cationic-anionic interaction as an ana- 
lytical tool for quantitatively measuring the bac- 
tericidal potency of different quaternary ammo- 
nium compounds. 

Colichman (8) reported changes in absorption 
spectra of bromophenol blue upon the addition 
of several quaternary ammonium compounds. 
Although he attributed this change to a “‘quater- 
nary-dye"’ micellar phenomenon, subsequent 
investigators (9-12) ascribe this interaction to be 

* Received April 25, 1958, from the Research Laboratories, 
CIBA Pharmaceutical Products, Inc., Summit, N. J 

Presented to the Scientific Section, A. Pu. A. Los Angeles 
meeting, April, 1958 
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Ballard, ef al. (12), 
have actually isolated and characterized several 
“color-quaternary am monium’’ complexes. 

There seems to be a substantial number of 
contributions in the literature reporting on the 
interactions between quaternary ammonium 
compounds and various types of chemicals. 
However, there is an apparent lack of published 
investigations concerning the reaction between 
the above cationic surfactants and certified dyes 
in pharmaceutical dosage forms. Therefore, 
this study was initiated to determine the con- 
centration relationship required to cause a visual 
precipitation of the reacting Three 
representative quaternary ammonium com pounds 
used in pharmaceutical formulations—benzal- 
konium chloride, cetylpyridinium chloride, and 
dodecyldimethyl (2-phenoxyethyl) ammonium 
bromide—were investigated in the presence of 
FD&C Red No. 1, FD&C Blue No. 1, and D&C 
Yellow No. 10. In all cases, an interaction was 
observed between the two species. Although 
this report is limited to data on only three certi- 
fied dyes, this same phenomenon has been found 
to occur with several other dyes. 


due to complex formation. 


species. 


EXPERIMENTAL 


Materials.—Benzalkonium chloride (Sterling- 
Winthrop Research Institute, 92.59 pure, average 
molecular weight 357.5); Cetylpyridinium chloride 
(Eastern Chemical Corporation, molecular weight 
357.99); Dodecyldimethyl (2-phenoxyethyl) am- 
monium bromide (Bradosol ® CIBA, molecular 
weight 414.46); 0.04% Solution FD&C Red No. 1 
(Sterwin Chemical Company); 0.04% Solution 
FD&C Blue No. 1 (Calco Chemical Division, Amer- 
ican Cyanamid Company); and 0.04% Solution 
D&C Yellow No. 10 (Calco Chemical Division, 
American Cyanamid Company). 

Preparation of Quaternary Ammonium Com- 
pound Solutions.—A stock solution of each quater- 
nary ammonium compound was prepared with an 
apparent molar concentration of 1.25 X 107%. This 


was subsequently diluted to give a series of ten solu- 
tions of varying concentrations with a minimum of 
1.25 X 10-5 moles per liter. 

Cloud Point Titration.—An aliquot of each qua- 
ternary ammonium compound solution was placed 
in a suitable titration cell. To this solution while 
being agitated with a magnetic stirrer, the color 
solution was added dropwise from a semimicro 
buret. The visual end point was taken when the 
solution remained cloudy for a minimum time of 
thirty seconds. All titrations were carried out at 
room temperature. 


RESULTS AND DISCUSSION 


Typical data obtained from the phase studies be- 
tween the several quaternary ammonium compounds 
and dyes are illustrated in Table I and Figs. 1-3. 
The graphs presented in Figs. 1-3 are based on the 
results obtained from cloud point titrations. These 
graphs clearly indicate complex formation between 
the two reactants. Since the cloud points were ob- 
served visually, exact stability constants for the 
complexes were not calculated. 


# 
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2 4 —— CETYLPYRIDINIUM CHLORIDE 
—— DODECYLOIME THYL (2 - Phenoxethy! ) 


BENZAL KOMIUM CHLORIDE 


RED SOLN (0.04%) 

Fig. 1.—-Phase diagram representing the regions of 
miscibility and immiscibijlity for cetylpyridinium 
chloride-FD&C Red No. 1, dodecyldimethyl (2- 
phenoxyethyl) ammonium bromide-F D&C Red No. 
1, and benzalkonium chloride-FD&C Red No. 1 
solutions. 


It can be seen from Fig. 1 that for any given quan- 
tity of quaternary ammonium compound, the 
amount of FD&C Red No. 1 which can be added and 
still remain miscible will vary according to the partic- 
ular structural characteristics of the quaternary 
ammonium compound. This can be possibly as- 
cribed to the intensity of the electropositive center 
and the steric configuration of the molecule. For 
example, for equal quantities of cetylpyridinium 
chloride and benzalkonium chloride, a larger amount 
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—— CETYLPYRIDINIUM CHLORIDE 
DODECYL OIME THYL ( 2-Phenonethy! ) 
AMMONIUM BROMIDE 


CONCN QUATERNARY AMMONIUM COMPOUNDS (Gm /iOm! ) x10" 


mi Foec son 


Fig. 2.—Phase diagram representing the regions 
of miscibility and immiscibility for cetylpyridinium 
chloride-FD&C Blue No. 1 and dodecyldimethy! 
(2-phenoxyethyl) ammonium bromide-FD&C Blue 
No. 1 solutions. 


—— CETYLPYRIDINIUM CHLORIDE 


DODEC YLOIME THYL ( 2- Phenoxethy! ) 
AMMON| UM BROMIDE 


CONCN QUATERNARY AMMONIUM COMPOUNDS (Gm /1Omi) x10" 


hu 4 i. 


mide. YELLOW “10 SOLM (0.04%) 

Fig. 3.—-Phase diagram representing the regions 
of miscibility and immiscibility for cetylpyridinium 
chloride-D&C Yellow No. 10, dodecyldimethy! (2- 
phenoxyethy!) ammonium bromide-D&C Yellow No 
10, and benzalkonium chloride-D&C Yellow No. 10 
solutions. 


872 
‘ 
O/ 
= 
/ 
é 
/ 
vot 
6 
| 
‘ 
| 
fe | 12) 
| j 
: j 
; yO 
¢ | | 
i 
p 
/ 
| 
if j / 
8 ‘6 ? / 
rea) é 
‘ 
i ‘ 
? BENZALKONIUM CHLORIDE 
i] | 
‘ 
dé | 
| 
8 6 


December 1958 


Taste I. 


SCIENTIFIC EDITION 


873 


TITRATION OF FD&C ReEp No. 1 SoLuTION TO THE CLOUD POINT WITH SEVERAL QUATERNARY 


AMMONIUM COMPOUNDS AT RooM TEMPERATURE 


Volume FD&C 
Red No. 1 
Solution 0.04%, 
1 


Volume FD&C 
Red No. 1 
Solution 0.04% 
ml! Gm 
6.36 0 
12.80 0 
19.00 
25.52 
O8 
48 
80 
00 
3.80 


Cetylpyridinium 
Chloride, 
10 mi. x 10? 


45 2 
90 


of the dye can be added to the cetylpyridinium chlo- 
ride and still remain in solution. Since the curves 
in Fig. 1 were plotted from the data presented in 
Table I, the actual numerical values of the amount of 
dye required to cause precipitation is clearly evident 
in this table 

The regions of miscibility and immiscibility are 
clearly delineated in the phase diagram. If the 
dye solution is used as the titrant, the area of im- 
miscibility will be below the curve. In the region 
above the curve, it is possible that interactions do oc- 
cur but the complexes formed may be soluble, and 
therefore, not visually apparent. 

It is readily discernible from Figs. 2 and 3 that the 
discussions of the quaternary ammonium compound- 
dye complexes presented for Fig. 1 are equally valil 
here. Comparing Figs. 1-3, it is evident that the 
order of reactivity of the quaternary ammonium 
compounds is independent of the particular dye 
studied. That is, the region of miscibility always 
increases in the following order: benzalkonium chlo- 
ride, dodecyldimethyl (2-phenoxyethyl) ammo- 
nium bromide, and cetylpyridinium chloride. 

The curve for benzalkonium chloride was omitted 
in Fig. 2 because the end point was extremely diffi- 
cult to observe visually. This is essentially due to 
the gradual precipitation of the dye-benzalkonium 
chloride complex. From our preliminary experi- 
ences with this system, however, it is expected that 
the curve will agree with the order of reactivity 
presented above. 

Studies such as the above are important in phar- 
maceutical formulations containing colorants since 
the phase diagrams obtained can be used to clearly 
indicate the permissible concentration range of dye 
which may be employed in the preparation. 

In order to obtain quantitative data on the stoichi- 
ometry of the complex and the stability of these prep- 
arations, additional studies are presently under way 
in our laboratories and will be reported on in the 
near future. 


Gm 


Volume FD&C 
Red No 1 
Bradosol, Solution 0.04%, 

‘10 ml. x 10° mi 


Benzalkonium 
Chloride, 
Gm./10 ml. X 10? 
0.45 
90 
35 
80 
25 
70 
15 
60 
05 
50 


SUMMARY 


1. By means of phase studies, the interaction 


between several ammonizm com- 
pounds and certified dyes has been demonstrated. 
2. Cetylpyridinium chloride, benzalkonium 


chloride, and dodecyldimethyl (2-phenoxyethyl) 


quaternary 


ammonium bromide were found to form insoluble 
complexes with FD&C Red No. 1, FD&C Blue 
No. 1, and D&C Yellow No. 10. 

3. For any given quantity of the quaternary 
ammonium compound, the region of miscibility 
will increase in the following order: benzalko- 
nium chloride, dodecyldimethyl (2-phenoxyethyl) 
ammonium bromide, and cetylpyridinium chlo- 
ride. 
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Sulfamethylthiadiazole: Human Blood Concentration 


and Urinary Excretion Data Following Oral Doses’ 


By MANFORD J. ROBINSON, AMEDEO BONDI, Jr., and JOSEPH V. SWINTOSKY 


Blood concentration and urinary excretion studies were conducted in adult human 

subjects. The rate of disappearance of drug from blood is characterized as approxi- 

mately first order during a limited time interval. The values for & for this type sub- 

ject were found to be approximately 0.33 for free sulfamethylthiadiazole and 0.29 

for free plus biotransformed drug. The — of &, in estimating the amount of 
y 


drug necessary to maintain approximately stea 


state conditions is illustrated with 


experimental blood and urine data in adult subjects receiving fixed doses at hourly 

intervals. The duration of absorption is approximated for similar type subjects 

receiving two sustained release suspensions by noting the time for peak blood con- 

centrations and the rates of drug disappearance from the blood. Urinary excretion 

data were found to be in reasonable agreement with the blood concentration data. 

Possible relationship between in vitro dissolution, blood concentration, and urinary 
excretion is discussed. 


ly PREVIOUS PAPERS (1-5) it has been shown that 

orally administered  sulfaethylthiadiazole 
(SETD) is eliminated from the blood at approxi- 
mately a first order rate for a considerable period 
of time following attainment of ‘‘pseudo steady 
state’ diffusion equilibrium. 

One objective of this study was to quantitate 
in a similar manner the rate of disappearance from 
blood of a closely related sulfonamide, sulfa- 
methylthiadiazole (SMTD). A second objective 
was to corroborate further the concept of the 
use of kp, the velocity constant of drug elimina- 
tion from blood, in estimating the amount of 
SMTD necessary to maintain steady state blood 
concentration. 

Possible applications of the use of &» in the de- 
sign and study of oral sustained release dosage 
forms have previously been discussed (4, 5). 
These applications suggested study of two 
aqueous suspensions of coated SMTD with differ- 
ing in vitro dissolution rates, and investigation of 
possible relationship between tm vitro dissolution 
rates, blood concentrations, and urinary excre- 
tion. 


EXPERIMENTAL 


Preparation of Dose Forms.—-For studies of 
SMTD powder per se the drug was filled into hard 
gelatin capsules or suspended in aqueous vehicle at a 
concentration of 0.5 Gm./5 ml. 

Sustained release powder (SD) consisted of one 
part, by weight, of SMTD to two parts, by weight, 
of hydrogenated castor oil (HCO). The powder 
was prepared by heating the HCO to 140° and mix- 
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ing thoroughly with the SMTD. The resultant 
suspension was spray congealed, vielding a powder 
having an average surface volume diameter (Fisher 
Subsieve Analysis) of approximately 344. A second 
sustained release powder (PD) consisted of four parts 
of SMTD and five parts of glyceryl distearate 
(GDS). The GDS was melted at about 80° and 
mixed thoroughly with SMTD. This suspension 
was then cooled and milled. The product was 
screened and the portion retained which passed 
through a U. S. No. 100 and was retained on a U.S 
No. 200 mesh screen. Both powders SD and PD 
were suspended in aqueous vehicle at a concentration 
equivalent to 4.0 Gm. of SMTD per 30 ml 

In Vitro Dissolution Studies.—In preparing the 
sustained release powders, it was desirable to meas- 
ure in vitro approximately the amount of SMTD 
available for immediate absorption. Representative 
samples, in a quantity equivalent to 0.4 Gm. of 
SMTD, were added to 200 ml. of 0.1 N HCl! in 
250-ml. stoppered bottles. The sample bottles were 
placed in a mechanical shaker and agitated at a 
uniform rate for fifteen minutes in a constant tem- 
perature bath maintained at 37° + 0.i°. Filtered 
aliquots were taken from each solution and analyzed 
for SMTD using the method of Bratton and Marshall 
(6). Measurements of the colored solutions were 
made using a Klett-Summerson Colorimeter with a 
No. 52 or 54 filter. Comparisons were made with 
appropriate standards 

In addition to measuring immediate release, it was 
desirable to determine the time necessary for essen- 
tially complete dissolution of the sample. Repre- 
sentative samples, in a quantity equivalent to 2.0 
Gm. of SMTD, were added to 200 ml. of a solution 
containing ox bile extract N. F., 2.0 Gm., pancreatin 
N. F., 0.56 Gm., and sodium bicarbonate U. S. P., 
3.0Gm. The time required for essentially complete 
(90%) dissolution was determined using the tech- 
nique outlined above 

Blood and Urine Concentration Studies. —Healthy 
ambulatory adult human subjects were employed for 
all studies. The initial SMTD dose was adminis- 
tered to subjects immediately prior to breakfast. 
Food and fluid ingestion was then permitted ad /ibi- 
tum. Blood samples were withdrawn by venipunc- 
ture of the antecubital vein at one, two, four, six, 
eight, and twelve hours. Total urinary output collec- 
tions were made at four, eight, twelve, and twenty- 
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four hours. The dosage regimens for the studies 
were as follows: Part A—Four subjects received a 
single 4.0-Gm. dose of SMTD in aqueous suspension. 
Part B—Four similar subjects received a 1.0-Gm 
dose of SMTD initially, followed by 0.35 Gm. every 
hour for eight consecutive hours. The drug was ad- 
ministered in hard gelatin capsules. Part C—Eight 
similar subjects received a single dose of the sustained 
release powder (SD) containing 4.0 Gm. of SMTD. 
The powder was administered in aqueous suspension 
Part D—Four similar subjects received a single dose 
of the sustained release powder (PD) containing 4.0 
Gm. of SMTD. The powder was administered in 
aqueous suspension 

Analytical Method.—Concentrations of free and 
free plus biotransformed (total) SMTD in the blood 
and urine were determined using the macro method 
as described by Frisk (7). Measurements of the final 
colored solutions were made with an Evelyn Colorim- 
eter using a No. 540 filter. Comparisons were made 
with appropriate standards for dilutions and origin 
of samples 


RESULTS 


In Vitro Dissolution.—-The amount and times of 
dissolution in 0.1 N HCl and the bile, pancreatin, 
bicarbonate solution for SMTD powder, and sus- 
tained release powder SD and PD are shown in 
Table I. The SMTD powder is completely soluble 
in the test fluids, and dissolution is complete in less 
than fifteen minutes. Powder PD immediately re- 
leases 58-67), of drug in 0.1 N HCI, and dissolution 
is essentially complete (90°;) in the bile, pancreatin, 
bicarbonate solution in less than three hours. Dis- 
solution of powder SD in 0.1 N HC1 is 25% in fifteen 
minutes, and six hours is required for essentially 
complete release in the bile, pancreatin, bicarbonate 
solution 


Taste I.—Per Cent Disso_ution or SMTD 

Arter 15 Minutes 1n 0.1 N HCl anp Time RE- 

QUIRED FOR ESSENTIALLY COMPLETE DISSOLUTION 

(90°) tin Brite, PANCREATIN, Soptum BIcARDONATE 
SOLUTION 


Time Required for 
Dissolution 90% Dissolution 
in 0.1 N HCl in Bile, Pancreatin, 
After 15 Bicarbonate 
Min., % Solution 
100 Less than 15 
min. 
Less than 3 
hr. 
Less than 3 
hr. 
6 hr 
6 hr 


Sam ple 


Powder Number 


SMTD 


PD 58 


Taste II 


Subject 
Wt Free 
Total 
Free 
Total 
Free 
Total 

Free 


Total 


Ch 
Wa 
Jo 
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Blood Concentration Studies.—The blood con- 
centrations obtained with 4.0 Gm. oral dose of 
SMTD are shown in Table II, and the arithmetic 
mean values are plotted in Fig. 1. Peak blood con- 
centrations in these subjects occcurred in less than 
one hour 

\s previously reported (2, 3), drug disappearance 
from blood and appearance in urine, after complete 
absorption and attainment of diffusion equilibrium, 
may often be characterized by the first order expres- 
sion 


log C = &t/2.303 + log C, 


Blood concentration data from Table II plot 
according to this equation quite satisfactorily as 
straight lines for at least eight hours. A semi- 


CONCENTRATION mg.% 
we AON @ 


FREE SMTO BLOOD 


2 


4 


Fig. 1—-Average free blood concentrations for 
adult human subjects receiving oral doses of SMTD 
as follows: (A) a single 4-Gm. dose, (B) 1 Gm. 
followed by 0.35 Gm. every hour for eight hours, 
(C) sustained release preparation SD in a single dose 
equivalent to 4 Gm., (D) sustained release prepara- 
tion PD in a single dose equivalent to 4 Gm. 


logarithmic plot of arithmetic mean values of the 
data from Table II are shown in Fig. 2. Although 
this is not rigorously correct statistically, the use of 
the equation in this manner does constitute a good 
approximation of the rate of disappearance of SMTD 
from the blood. The individual values for (¢'/2), 
and for ky may be determined in a manner previously 
described (2). These values are shown in Table III. 
The arithmetic mean &, for free SMTD is 0.33, and is 
0.29 for total SMTD. The harmonic mean (t'/:), 
values are two hours, six minutes and two hours, 
twenty-four minutes, respectively 

If the above indexes are approximately correct for 
this type subject, an initial dose of 1.0 Gm., followed 
by doses of 0.3-0.35 Gm. every hour should be ade- 
quate to maintain relatively uniform blood concen- 


SMTD Bioop CONCENTRATIONS (MG. %) 


Hours 


- 


to tote 

D 


|| 
\ 
“A \ 
\ 
7c \ 
ree 
a 8 12 
HOURS 
9 
SD l 
2 
9. 6. 
9. 6 
6. 3 
6. 3 
7 3 
8. 3. 
9. 
9. 8. 


807 
7.04 
6.04 


BLOOD CONCENTRATION, mg % 


HOURS 


Fig. 2.—Average SMTD blood concentrations 
for: (A) four adult human subjects receiving a single 
oral 4-Gm. dose of SMTD powder, and (D) four 
adult human subjects receiving a single oral dose of 
powder PD equivalent to 4 Gm. of SMTD. 


Taste III.—StTANDARD PERFORMANCE INDEXES 
FROM BLOOD CONCENTRATION FOLLOWING 
ORAL ADMINISTRATION OF SMTD 


Subject hr 


Wa Free 2.1 0.33 
Total 2.4 0.28 

Ch Free 2.1 0.34 
Total 2.5 0.28 

Wa Free 2.2 0.32 
Total 2.5 0.27 

Jo Free 2.0 0.35 
Total 2.1 0.32 


trations. Table IV and Fig. 1 (Curve B) illustrate 
free blood concentrations observed for subjects receiv- 
ing this dosage regimen for eight hours. Since 
blood samples were taken just prior to administra- 
tion of the dose, these concentrations represent 
minimum values and must rise somewhat after each 
dose. The blood concentrations appear to be main- 
tained reasonably well. At twelve hours they began 
to subside following discontinuance of drug adminis- 
tration. 

Using these data, it is of interest to examine the 
blood concentrations in similar subjects receiving 
single oral doses of aqueous suspensions of powders 
(SD, PD) which exhibit different initial and sus- 
tained release by in vitro test. The arithmetic 
mean blood concentrations are shown in Fig. 1 
(Curves C, D) and the individual values in Table V. 
It has been previously reported for SETD that when 
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TABLE IV.—FREE BLoop CONCENTRATIONS 


(mc. ©) oF SMTD For Four Apvutt HuMAN 

Supyects RecEIvING 1-Gm. Dose 

BY 0.35 Gm. Hourty For 
Hours 


Hours — _ 

Subject Sex 1 2 6 8 12 
Di M 2.9 3.2 3.3 3.0 3.3 1.4 

Al M €9. 2.23 23.6 

Ji M 16 42 2.0 2.6 3.1 09 


the slopes of the straight line, first order rate equa- 
tion plots of drug disappearance from blood become 
identical for the different dosage forms studied, 
absorption is essentially- terminated. If this is 
assumed to be true for SMTD, we may then approxi- 
mate the duration and time of cessation of principal 
absorption. Examination of the blood concentra- 
tion data for powder PD indicates that peak concen- 
trations for the subjects studied occurred between 
two and four hours. The rate of disappearance of 
drug from blood after four to six hours could be 
approximated as first order, with the slope of the 
straight line corresponding to that found for plain 
SMTD. A semilogarithmic plot of the average 
values for the subjects studied is shown in Fig. 2 

The blood concentration data for powder SD, with 
the exception of subject Jo, suggest that drug 
absorption extends over the greater portion of the 
twelve-hour period, since in the majority of these 
subjects the rate of disappearance of drug from blood 
either cannot be approximated as first order or the 
slope of the straight line does not correspond to that 
observed for plain SMTD 

Urinary Excretion. —Urinary recoveries in twenty 
four hours of total (free plus biotransformed ) SMTD 
for the dosage regimens studied are shown in Table 
VI. These values were 61-99%; of the administered 
dose, with an average of approximately 82°; 
There is no obvious correlation between the twenty- 
four hour urinary recovery figures and the dosage 
form employed. Biotransformation of SMTD in 
urine ranged from 6 to 23%, with an average value of 
approximately 12°. 

A comparison of the average urinary excretion 
values for total drug through intervals of a twenty- 
four-hour period are shown in Fig. 3. These data 
are considered to be in reasonable agreement with 
the observations for disappearance of drug from the 
blood stream. In these studies, the excretion rate 
was not precisely quantitated. Previous work (3) 
indicated that this would require an accumulation of 
data over a greater number of equal time incre- 
ments or an accurate measure of total excretable 
drug, neither of which was included in these studies. 
It is apparent from study A, however, that SMTD is 
rapidly absorbed and excreted; and study B shows 
that excretion is relatively constant for the first 
three consecutive four-hour time intervals as wou!d 
be predicted under steady state conditions. The 
data from study C utilizing sustained release powder 
SD indicate a slightly greater initial absorption 
than in study B, but also a somewhat more pro- 
longed duration of absorption. In study D, utiliz- 
ing sustained release powder PD, more drug is 
absorbed and excreted in the early hours and less in 
the later hours than in study C. 
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TABLE V. 
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FREE BLoop CONCENTRATIONS (MG. ©;) OF SMTD For ApuLT HuMAN Supyects RECEIVING 


SINGLE Doses EQuivaLent To 4.0 GM. oF SUSTAINED RELEASE POWDERS IN AQUEOUS SUSPENSION 


Powder Subject Sex 1 2 
PD Ka M 1.2 1.5 
Hi M 1.5 3.2 
Al M 4.1 5.1 
Ed M 3.9 6.5 
SD Ru F 4.2 4.2 
Wa M 1.5 1.8 
Ch M 2.2 1.6 
Ed M 1.6 1.8 
Zi M 2.2 
Ph M 2.5 4.2 
Bo M 1.4 1.5 
Jo F 7.8 7 2 


VI.—-REcOvVERY IN URINE oF Tota, SMTD 
Arter 24 Hours 1n Human Apvutt Supyects 
RECEIVING CRAL Doses or SMTD 


Total SMTD 
Recovered in 


Urine After 24 Total Dose, 


Study Subject Hours, mg 4 
\ Wt 2855 71 
Ch 2777 69 

Wa 3003 75 

Jo 2942 74 

B Di 3636 96 
Al 3293 87 

ji 3225 85 

Ha 2522 66 

C Zi 3415 85 
Ph 2963 74 

Bo 3024 76 

Jo 2430 61 

Ru 3616 90 

Wa 3799 95 

Ch 3690 92 

Ed 3383 85 

D Ka 2789 70 
Hi 3892 a7 

Al 3947 99 


3860 O7 


DISCUSSION 


In the development of a sustained release dosage 
form of any given drug, it is desirable to characterize 
its absorption by, and disappearance from, the 
body. It is also of practical importance that suit- 
able in vitro tests be available for screening and 
evaluation of the formulas prepared. For a drug 
such as SMTD, where an apparent correlation exists 
between blood concentration and therapeutic effi- 
cacy, the ability to quantitate these factors is par- 
ticularly useful. It is apparent from the foregoing 
results and previously reported data by Frisk (7) that 
SMTD is rapidly and completely absorbed in ap- 
proximately one hour, also that its elimination 
approximates a first order rate, with a & of about 
0.33. Utilizing these data it is possible to approxi- 
mate the amount of drug required to obtain and 
maintain a given blood concentration for any given 
time interval. If we assume, for example, that a 
blood level of 8 mg. % is desirable for optimum 
chemotherapeutic activity, and if the average peak 
blood level attained for free SMTD at one hour 
following a 4-Gm. oral dose is 8 mg. % as shown in 
the results, it can be postulated that for this type of 
subject, a sustained release preparation should pro- 


Hours 

6 8 12 
6.7 3.3 1.2 0.3 
5.6 4.1 2.2 O.8 
4.6 1.4 0.8 0.2 
5.1 1.8 0.8 0.4 
3.4 1.9 1.0 0.3 
1.9 1.6 1.3 1.8 
2.1 1.9 1.0 1.0 
2.0 4.2 2.6 1.1 
2.3 2.5 2.6 3.2 
4.6 3.0 2.2 1.4 
2.5 2.8 3.2 3.6 
5.1 2.5 1.6 1.4 


SMTD SMTD Je) PO 
Single | Multiple 
dose dose 
A B c 0 


URINARY EXCRETION-TOTAL SMTD mg. 


HOURS 


Fig. 3.—Average urinary excretion, mg. of total 
SMTD at four, eight, twelve, and twenty-four hours 
for adult human subjects receiving oral doses of 
SMTD as follows: (A) a single 4-Gm. dose, (B) 1 
Gm. followed by 0.35 Gm. every hour for eight hours, 
(C) sustained release preparation SD in a single dose 
equivalent to 4 Gm., (D) sustained release prepara- 
tion PD in a single dose equivalent to 4 Gm. 


vide an initial release near 4 Gm. and sustained 
release near 1.4 Gm. every hour. If we further 
desire to maintain this level for eight hours before 
allowing the concentration to subside, we can 
approximate a total dose for adult subjects in the 
order of 15 Gm. This is an excessively large dose 
for any oral preparation, and SMTD could thus be 
eliminated from consideration as a practical candi- 
date for sustained release on a regimen of two doses 
every twenty-four hours. 

The foregoing results indicate possible relation- 
ships between im vitro release and blood concentra- 
tion. The blood concentrations observed in sub- 
jects receiving sustained release powder SD in a 
single dose equivalent to 4 Gm. of SMTD more 
closely approximates the idealized curve obtained 
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from the multiple dose study B than an identical 
single dose of sustained release powder PD. The 
results of further studies with other compounds 
relating in vitro release and blood concentration will 
be reported 


SUMMARY 


1. Oral administration of a single 4-Gm. dose 
of SMTD resulted in rapid absorption of the drug 
with peak concentrations occurring in approxi- 
mately one hour. 

2. The rate of disappearance of the drug from 
blood could be approximated as first order during 
the early time intervals, permitting an estimation 
of the standard performance indexes &, and (¢'/»)». 

3. For these subjects the average ky, equaled 
0.33, and (f'/s)» equaled two hours, 6 minutes for 
free SMTD. 

4. When adult subjects received 1 Gm. of 
SMTD followed by 0.35 Gm. hourly for eight 
hours, steady state blood concentrations of free 
drug were maintained near 2-4 mg. % during the 
one to eight-hour time interval. Reasonably uni- 
form urinary excretion of drug resulted from such 
a dosage regimen during the interval of adminis- 
tration. These data illustrate the use of &) in 
estimating the rate at which drug must enter 
the blood in order to maintain fairly constant 
concentrations. 


5. The duration of absorption was approxi- 
mated in subjects receiving single oral doses of 
sustained release suspensions equivalent to 4 
Gm. of SMTD. In subjects receiving powder 
PD peak blood concentrations occurred between 
two and four hours, and absorption was consid- 
ered essentially complete after about four hours 
Blood concentrations in the majority of the sub 
jects receiving sustained release powder SD were 
more prolonged and the duration of absorption 
appeared to extend over most of the twelve-hour 
interval studied. 

6. The results indicate a possible relationship 
between the rate of in vitro release and the dura- 
tion of blood concentrations in human subjects, 
and the possible value of utilizing these relation- 
ships in formulation of some oral sustained re 
lease dosage forms. 
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The Kinetics of the Hydrolysis of Homatropine* 


By J. L. PATEL} and A. P. LEMBERGER 


An investigation of the chemical kinetics of the hydroxyl ion catalyzed hydrolysis 
of homatropine has shown that the mechanism of the hydrolytic deterioration con- 
sists of two reactions. The heat of activation for the two reactions involving the 
free and the acid form of the base as calculated from Arrhenius plots are 12.3 and 


11.4 kilocalories per mole, respectively. 


It has been found that homatropine free 


base degrades at a rate approximately five times that of atropine free base, and the 
salt form of homatropine degrades at a rate approximately eight times that of the 
salt form of atropine. 


| of homatropine in solution is 

due mainly to the hydrolysis of the ester 
linkage yielding tropine and mandelic acid. 
Previous investigations (1-4) have shown that 
at low pH homatropine is very stable even at 
autoclave temperatures. At higher pH it de- 
teriorates and the rate of deterioration increases 
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with temperature and hydroxyl ion concentra- 
tion. The problem, however, has not been 
studied from the point of view of chemical 
kinetics. 

Many publications are found in the literature 
concerning the relative rates of second order 
alkaline hydrolysis of aliphatic carboxylic esters. 
Ingold (5) has shown the accelerating effect of 
Cl, OH, COOMe, COMe, and CH:COMe groups 
and the retarding effect of a negative ionic charge 
on the alkaline hydrolysis of aliphatic carboxylic 
esters. No studies, however, have been made to 
evaluate quantitatively the influence of substit- 
uent and environment upon the alkaline hydroly- 
sis of highly substituted esters. 
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To evaluate quantitatively the contribution of 
polar and stearic factors and the positive ionic 
charge to the rate of tropine ester hydrolysis, a 
study on the kinetics of the hydrolysis of homa- 
tropine, homatropine methyl bromide, and atro- 
pine methyl bromide was undertaken. This 
report presents a part of this investigation 
and deals specifically with the kinetics of the 
hydrolysis of homatropine. Another objective 
of this study was to establish a basis for predict- 
ing the rate of hydrolysis of homatropine in solu- 
tion at various hydroxyl ion concentrations and 
temperatures. 


THEORETICAL CONSIDERATIONS 


The acid catalyzed hydrolysis of homatropine is 
slow. A study of 0.02 M homatropine in 0.05 M 
HCl at 25° showed no appearance of additional acid 
over a period of two days. An hydroxyl ion cata- 
lyzed reaction may then be the mechanism respon- 
sible for the hydrolysis of homatropine in solution. 
Homatropine can occur as free base or as the 
charged ion in solution. Two hydrolytic pathways 
are therefore possible. On the theoretical concepts 
employed by Higuchi, ef a/. (6), in their study on 
procaine, it is expected that in relatively high pH 
solutions where homatropine is mainly present as 
free base and in low pH solutions where it is mainly 
in charged form, the rates of hydrolysis would be 
directly proportional to the hydroxyl ion concen- 
tration. In the intermediate region of the pH scale, 
the overall rate would depend upon the two rate 
constants and the dissociation constant of the base. 
For convenience the hydrolysis of the free base 
and the charged ion will be designated Reaction 1 
and Reaction 2, respectively 

Using the derivations of these authors, the over- 
all rate of hydrolysis of homatropine may be ex- 
pressed as 


dina (OH 


= | 
dt k, + (OH 


) + (Eq. 1) 
where a = total drug concentration, kp = dissoci- 
ation constant of the base, &; = specific rate con- 
stant for Reaction 1 involving free base, and k: = 
specific rate constant for Reaction 2 involving the 
acid form. 

The right hand side of the above equation is con- 
stant for any given hydroxyl ion concentration. 
Thus, if Reactions 1 and 2 are mainly responsible 
for the hydrolysis of homatropine, the overall rate 
of hydrolysis would be first order with respect to 
the ester concentration. At any constant hy- 
droxyl ion concentration, the half-life of the ester 
would then be expressed as 


0.693  (OH-) 
ky + (OH-) (OH + (Ea. 2) 

Expressed logarithmically, Eq. 2 becomes 

—log ty, = log (OH ~) — log [ke + (OH™~)] + 


(OH 


log ll (Eq. 3) 


0.693 
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At relatively high hydroxy] ion concentration where 
(OH ~) > Eq. 3 reduces to 


—log = log (OH ~) + log &, /0.693 (Eq. 4) 


and at low hydroxyl ion concentration where 
(OH~) < kp, the equation reduces to 


—log t/, = log (OH ~) + log &/0.693 (Eq. 5) 


Thus at both ends of the pH scale, the rate of 
hydrolysis would be directly proportional to the 
hydroxy! ion concentration whereas there would be 
a region of nonproportionality in the intermediate 
range of pH scale. 


EXPERIMENTAL 


Spectrophotometric Analysis.—The method of 
analysis in this study consisted of making a series 
of ultraviolet absorption measurements on homa- 
tropine solution undergoing hydrolysis at constant 
temperatures. Homatropine hydrobromide U. S. P. 
recrystallized from aqueous ethanol was used. 

Mandelic acid, the hydrolytic product of homa- 
tropine, absorbs practically at the same wavelength 
as homatropine. Separation of mandelic acid was 
therefore necessary before scanning the solutions for 
residual ester determination. Absorbance measure- 
ments were made on a Beckman Model DU Spectro- 
photometer at wavelengths of 257 and 263 my. 
The ratio of the absorbances at two wavelengths 
being constant over a wide range of concentration, 
the absorbances at both the wavelengths were 
recorded for the first few experiments to serve as a 
check on the analysis; for the rest of the experi- 
ments, absorbance was measured at wavelength 257 
my only. 

Buffer System.—To maintain hydroxyl ion con- 
centration essentially constant, buffers or excess 
strong bases were used. When barium hydroxide 
solutions were used for low pOH values, the largest 
drop in hydroxy] ion concentration observed during 
the hydrolysis was 0.2 pOH unit. Half-life deter- 
minations were, however, made by analysis of the 
initial phase of the reaction during which there was 
no appreciable change in pH. Buffers used in the 
study are listed in Table I. The pH of each buffer 
was determined at the temperature of the run. 
Standardized barium hydroxide solutions were used 
for pOH 2.2 and less. 


|.—-List or BUFFERS 


pH Range 


Composition 
7.18-7.94 M/15 KH,PO,-Na.-HPO, 
8.23-8.84 M/10 H,BO, + M/10 KCI + NaOH 


9.00-10.5 M/5NH,OH + HCl 


Experimental Procedure.—-The following proced- 
ure with only minor modifications was employed 
in the present investigation: Buffer solution was 
placed in a thermostatically controlled bath set to 
the desired temperature and allowed to reach the 
temperature of the bath. Two ml. of standard 


solution containing sufficient homatropine hydro- 
bromide was then added to give in the reaction 
mixture a concentration of approximately 1 mg./ml. 
After about three minutes when equilibrium was 
re-established, the first 10-ml. aliquot was with- 
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drawn, designated as the “0” minute sample and 
analyzed for residual ester. Samples, exactly 10 
ml. in volume, were withdrawn at suitable time in- 
tervals and residual ester was determined. 

The separation of mandelic acid from residual 
ester was done by a modification of the U. S. P. 
method for purification of alkaloids (7). The sam- 
ple for analysis was made alkaline with ammonium 
hydroxide; the strength of ammonium hydroxide 
solution for each buffer being adjusted to extract 
the ester completely without appreciably hydrolyz- 
ing it. The base form of homatropine was im- 
mediately extracted with successive 10-, 10-, and 
5-ml. portions of chloroform. From the combined 
chloroform extracts, the acid form of homatropine 
was extracted with exactly 10 ml. of 0.1 N HCl. 
The progress of the reaction was then calculated 
from the ultraviolet absorption of the acid extract. 


RESULTS AND DISCUSSION 


Influence of Ester Concentration.—-At constant 
temperature and hydroxyl ion concentration, the 
observed rate of hydrolysis of homatropine is first 
order with respect to the ester concentration. This 
is illustrated in Figs. 1, 2, and 3 representing, respec- 
tively, neutral, slightly alkaline, and alkaline reac- 
tion conditions. These results are in accord with 
Eq. 1. 

Influence of Hydroxyl Ion Concentration.—The 
effect of hydroxyl ion concentration on the rate of 
hydrolysis (expressed in terms of the half-life in 
minutes of the ester) is illustrated in Fig. 4. All 
the experimental points were determined at or 
corrected to 30°. The smooth curve in the inter- 
mediate pH region represents Eq. 3 where = 
3.095 L. mole min.~', & = 123.2 L. mole 
min.~', and kh = 7.6 X 107%. The values for & 
and k; were obtained by substituting in Eqs. 4 and 5, 
respectively, the extreme experimental values at 
high and low pH in the curve. The & was calcu- 
lated from the pH of the half-neutralized solution 
of homatropine at 30°. 

Temperature Dependency.—Figure 4 indicates 
that above pH 11.75, the mechanism of hydrolysis 
is that of Reaction 1, or its equivalent; below pH 8.5 
the mechanism is that of Reaction 2, or its equivalent. 


2.0 


i i 


30 40 


10 20 
TIME IN HOURS 


Fig. 1.—Hydrolysis of homatropine in phosphate 
buffer at pH 7.94 and at 35.3°. 
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Fig. 2.—Hydrolysis of homatropine in solution at 
pH 10.23 and at 30° 
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Fig. 3.—Hydrolysis of homatropine in 0.01 N Ba- 
(OH })s and at 20°. 


Half-lives were determined in 0.01 N Ba(OH), 
solution and a phosphate buffer of pH 7.94 at four 
different temperatures to study the temperature 
dependency of Reaction 1 and Reaction 2, respec- 
tively. 

The logarithm of half-life periods in minutes is 
plotted against reciprocal of absolute temperature 
in Figs. 5 and 6. The straight line relationship 
indicates that the mechanisms responsible for the 
ester hydrolysis are not altered with changes in 
temperature. The activation energy was calcu- 
lated by setting the slope equal to E/2.30R and the 
frequency factor(S) in the Arrhenius equation was 
calculated using & = Se~®/R7T. The constants 
of the logarithmic form of the Arrhenius equation 
are given in Table II. 


TasBLe II.—TABULATION OF CONSTANTS OF THE 
LOGARITHMIC ARRHENIUS EQUATION* 


BE, kcal./ Log 

Reacting Species mole Ss 
Homatropine (free base) 12.3 9 4 
Homatropine (charged ion) 11.4 10.5 


*Log S = log & + E/2.303 RT where & is in L. mole ' 
min. ~' 

> After subtracting 12 kcal./mole, the approximate heat 
of ionization of HO. 
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The simplified formula for the hydroxyl ion cat- 
alyzed hydrolysis of homatropine at 30° may be 
obtained by substituting the values at 30° for &, 
ke, and kp in Eq. 3 


—log fi/, = log (OH~) — 
log (7.6 x 10 4 + (OH )] + 
123.2 


log (On 7.6 X 10-6 
"8 | 0.693 | ) + 


In Tables III, IV, and V, half-lives of homatro- 
pine solution determined experimentally are com- 
pared with those predicted by the above equation. 
Using activation energies, the rate constants at any 
other temperature can be calculated. This, then 
establishes a basis for predicting the half-life period 
of homatropine at various hydroxyl ion concentra 
tions and temperatures 

An appreciable difference in rate corstants is 
observed when the values for homatropine are com- 
pared with those of atropine. Ingold (5) has shown 
that monohydroxy ethyl acetate hydrolyzes ten 
times faster than ethyl acetate. The difference in 
rates has been attributed by this author clearly to 
the polar effect, whatever the stearic effects may be. 


Tasce HALr-Lives or Homa- 
TROPINE AT HiGH pH COMPARED WITH PREDICTED 
VALUES 
—Half-Life, Min 

Experi By 

mental Equation 

10.6 

18.7 

39.0 

25 

20. 

24.: 

13.§ 


Temper 
ature, °C 


20 


2 


9 
9 


Tasie IV 
TROPINE AT 


EXPERIMENTAL HALF-Lives oF Homa- 
NEUTRAL pH COMPARED WITH PRE- 
DICTED VALUES 


Half-Life, Hours 
Experi By 

pH* mental Equation 
18 332 349.5 
38 0 
54 6 53.2 
1.7 


ature, 
30.0 


35.3 
40.8 
46.9 


* pKw of water at 30° is 13.75. 


TABLE V.—E¥YPERIMENTAL HALF-LIVEs oF Homa- 
TROPINE AT MODERATE pH AND aT 30° ComMPARED 


~Half-Life, Min.— 
Experimental By Equation 
1794 1935.0 
871 866 
483 529 
372 388 
202 215.¢ 
113 110.¢ 
S84 
61.5 66. 
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(MINUTES) 


LOG 


3 4 
LOG (OH~) 


Fig. 4.—A curve relating the half-life of homa- 
tropine with the hydroxyl ion content of the reac- 
tion mixture at 30°. @—Experimental points de- 
termined at 20° and corrected to 30°. 


LOG (MINUTES) 


3.2 


3.3 
1 x 108 

Fig. 5.—Temperature dependence of Reaction 1. 


Logarithm of half-life in minutes plotted against the 
reciprocal of absolute temperature of the run. 


The study of the kinetics of the hydrolysis of 
atropine has been reported by Zvirblis, et al. (8). 
In the present investigation with homatropine, it 
is found that homatropine free base degrades at a 
rate approximately five times that of atropine free 
base and the charged form of homatropine degrades 
at a rate eight times that of the charged atropine. 
The inductive effect of the a-hydroxyl group in 
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Fig. 6.—Temperature dependency of reaction 2. 
Logarithm of half-life in minutes plotted against the 
reciprocal of absolute temperature of the run. 


Evidence is presented of lactone formation for 
2-allyl-2-phenylglutaric acid. A synthesis for 
2-allyl-2-phenylglutarimide is described and 
six compounds, which have not been found 
in the literature surveyed, are reported. The 
new compounds include 2-allyl-2-phenyl- 
glutaronitrile, 2-allyl-2-phenylglutaric acid, 
2 - (2’,3’ - dibromopropyl) - 2 - phenylgiu- 
taronitrile, methyl 4-phenyl-4-cyano-6-hep- 
tenoate, 2-allyl-2-phenylglutaramic acid, and 
2-allyl-2-phenylglutarimide. 


T= HAVE BEEN four previous publications 

(1-4) on glutarimide derivations. Their 
structural relationships to some useful phar- 
maceutical agents have been pointed out. The 
similarities in structure between compounds 
having analogous therapeutic activity have been 
the basis of investigation and synthesis of many 
therapeutic agents. 

In the barbiturate series there are six available 
compounds’ that are substituted in the five posi- 
tion with an unsaturated allyl group. The hyp- 
notic activity exhibited by Doriden (glute- 
thimide-Ciba), 2-ethyl-2-phenylglutarimide, has 

* Received April 25, 1958, from the University of Texas, 
College of Pharmacy, Austin 

Presented to the Scientific Section, A. Pa. A., Los Angeles 
meeting, April 1958 

! These are: diallylbarbituric acid N. F. X., aprobarbital 


N. F. X., kemithal, allylbarbituric acid N. F. X., Cyclopal, 
and secobarbital sodium U.S. P. XV 
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Glutarimides V* 
Synthesis of 2-Allyl-2-phenylglutarimide 


By MATHIAS P. MERTES, Jr. and CHARLES O. WILSON 
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homatropine thus enhances the positive character 
of carbonyl carbon atom and accelerates the rate 
determining nucleophilic attack by hydroxide ion. 
This is in agreement with the scheme postulated 
by Ingold and Ingold (9) and by Waters (10) to 
represent the hydrolysis of ester by alkali. 
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established the glutarimide nucleus as having 
possible pharmacological activity, depending 
upon the substituents in the two position. Of 


the 2,2-disubstituted glutarimides, reported in 
the literature, there are no unsaturated alkyl de- 
rivatives. 

The preparation of 2,2-diallylglutarimide and 
2-allyl-2-phenylglutarimide was undertaken. 
Several attempts to synthesize 2,2-diallylglutar- 
imide were unsuccessful. By the method of Tag- 
mann (5) 2-allyl-2-phenylglutaronitrile (I) was 
prepared. A ring closure method used by Tag- 
mann (5) for preparing 2,2-disubstituted glutar 
imides by heating the substituted glutaronitrile I 
to 120° in sulfuric acid and acetic anhydride was 
not successful. 

The procedure of Benica and Wilson (1) was 
tried, starting with 2-allyl-2-phenylglutaric acid 
(II), which was prepared by hydrolysis of the dini- 
trile (1) in hydrochloric acid. Formation of sub- 
stituted glutaric anhydrides usually proceeds 
with excellent yields as a result of refluxing 
with acetic anhydride. In the case of 2-allyl- 
2-phenylglutaric acid (II) the starting material 
was recovered. 

The abnormal unreactivity of the 2-allyl-2- 
phenylglutaric acid (II) was considered due to 
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CH-=CH—CH,Cl 


CH,;—CH=CH; 


C—-COOH 
CH, 


CH; 
II 


COOH 


CH, 
CH, 


lactone formation (III). Carbon-hydrogen anal- 
ysis confirmed the formula to be that of the ex- 
pected diacid (II). However, a neutralization 
equivalent indicated one carboxyl group for acid 
media and two carboxyl groups for basic media. 
The infrared absorption band of the carbonyl 
functions of glutaric acid appears at 5.904. Two 


CH, 


Screntiric Eprrron 


CHy,—CH=CH; 
CN 


< 


H 


Triton B 

| CHy=-CHCN 
CH:—CH=CH; 
C—CN 


CH,—CH;—CN 


I 


CH-—CHBr 


CH; 
CH; 
VI 


CN 


bands for 2-allyl-2-phenylglutaric acid were 
found at 5.72 and 5.92u (Fig. 1). The band at 
5.924 indicates the acid function. A peak at 
5.724 coincides with that of 5.704 reported by 
Rasmussen (6) for y-valerolactone (IV). Also 
Hoffmann (7) reports a lactone (V) (a-propion- 
amide-a-phenyl-8-methyl-y-butyrolactone) from 
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Infrared absorption spectrum of 2-allyl-2-phenylglutaric acid. 
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the metabolism of 2-isopropyl-2-phenylglutarim- 
ide with an absorption band of 5.70u (lactone) 
and 5.90u (amide). 

To avoid lactone formation a synthesis was 
attempted with 2(2’3’-dibromopropyl)-2-phenyl- 
glutaronitrile (VI), with no success. The synthe- 
sis of 2-allyl-2-phenylglutarimide (X) was ac- 
complished by the following steps: 


CH:,—CH=CH,; 
pr —CH—CN 
VII 


CH=CH, 


Allylphenylacetonitrile (VII) was treated with 
sodamide and methyl 3-chloropropionate to 
produce methyl 4-phenyl-4-cyano-6-heptenoate 
(VIII). This ester, saponified with alcoholic 
potassium hydroxide and neutralized with acid, 
vielded crystals of 2-allyl-2-phenylglutaramic 
acid (IX). Heating of the acid-amide (IX) in 
hydrochloric acid and distilling produced 2-allyl- 
2-phenylglutarimide (X). 

Pharmacological investigations are being made 
of the compounds herein reported. 


PROCEDURE? 


Allylphenylacetonitrile.—This compound was pre- 
pared by the procedure described by Ramart (8) 
from phenylacetonitrile (58.5 Gm.), allyl chloride 
(38.5 Gm.), and sodamide (19.5 Gm.) in toluene 
(500 Gm.). Yield 41 Gm. (52%); b. p. 122-126° 
12 mm., Hg. Ramart (8) reports b. p. 131-133°/15 
mm. Hg 

2-Allyl-2-phenylglutaronitrile (1)——-The  allyl- 
phenylacetonitrile (78.5 Gm.) was placed in a two- 
necked round bottom flask equipped with a dropping 
funnel and a mechanical stirrer. Triton B (1 Gm.) 
was added. To this, acrylonitrile was added slowly, 
with stirring, over a period of forty-five minutes. 
The temperature was maintained below 45° by an 
ice bath. The mixture was allowed to stand over- 
night at room temperature. 

The viscous orange solution was washed with 
water, separated, and the aqueous layer extracted 


? Melting and boiling points given are uncorrected 


CICH,CH,COOCH; 


with ether. The product was obtained by fractional 
distillation. Vield 57 Gm. (54°); b. p. 200-202°/ 
18 mm. Hg. 

Anal.—Caled. for CyHyN:: C, 79.58; H, 6.56. 
Found: C, 79.97; H, 6.71. 

2-Allyl-2-phenylglutaric Acid (11 ).—Hydrolysis of 
2-allyl-2-phenyl-glutaronitrile (20 Gm.) was carried 
out with hydrochloric acid (250 Gm.) in a 500-cc. 
round-bottom flask equipped with a reflux condenser. 
After having been refluxed for six hours it was evap- 


CH,—CH+=CH; 


CH, 


CH.-—COOCH,; 
Vill 


1. KOH 
2 HCl 
H:;—CH=CH; 


orated to a brown semisolid and extracted with 
chloroform. The chloroform layer was washed with 
water to remove any ammonium chloride present, 
dried with anhydrous sodium sulfate, decolorized 
with Norit, evaporated toa thick semisolid, and puri- 
fied by fractional distillation. Yield 10.2 Gm. 
(46%); b. p. 194-196°/1 mm. Hg 

Anal.—Caled. for CuH.O;: C, 68.10; H, 6.79. 
Found: C, 67.99; H, 6.93 

2-(2',3' - Dibromopropyl )-2- phenylglutaronitrile 
(V1I).—The 2-allyl-2-phenylglutaronitrile (47 Gm.) 
was dissolved in carbon tetrachloride (40 Gm.) in a 
one-liter three-necked flask equipped with a dropping 
funnel, mechanical stirrer, and a thermometer ex- 
tending into the solution. The solution was cooled 
to 0-5° and bromine (36.3 Gm.) was added dropwise 
over a period of one hour. After having been allowed 
to stand twelve hours in the refrigerator, the reac- 
tion mixture was decolorized with sodium bisulfite 
solution (20 cc. of 3%), followed by succcessive 
washings with water. The solvent was removed by 
vacuum distillation and the product crystallized 
several times from chloroform and petroleum ether 
Yield 52 Gm. (64%); m. p. 87-89°. 

Anal.—Caled. for C, 45.43; H, 
3.64. Found: C, 45.14; H, 3.82. 

Methyl 3-chloropropionate.—The method of 
Moureu (9) was used starting with methyl acrylate 
(140 Gm.) and hydrogen chloride gas (59 Gm.) 
Vield 144 Gm. (72%); b. p. 144-147°. Moureu (9) 
reports 148-150°. 

Methyl 4-phenyl-4-cyano-6-heptenoate.—Soda- 
mide (14 Gm.) was pulverized under toluene (50 
Gm.) and washed into a one-liter three-necked round 
bottom flask equipped with a stirrer and dropping 
funnel. A reflux condenser was set in place and the 
entire apparatus protected from moisture by calcium 


4 —C—CN 
4 CH; \N—H CH, 
JOH 
CH.—C CH,—C 
x IX 
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chloride tubes. Removal of the moisture in the sys- 
tem was accomplished by flushing with nitrogen for 
ten minutes. 

AllyIphenylacetonitrile (55 Gm.) was added with 
stirring and the mixture heated to 65° for ten min- 
utes. Methyl 3-chloropropionate (49 Gm.) was 
added over a period of one hour to maintain refluxing 
and then the mixture was refluxed for four hours 
longer. After having been allowed to stand over- 
night the sodium chloride formed was removed by 
washing with water and the toluene by distillation. 
A crude product was obtained by removing all 
fractions distilling below 140°/4 mm. Hg. The res 
idue was used as crude methyl 4-phenyl-4-cyano-6- 
heptenoate. 

2-Allyl-2-phenylglutaramic acid (IX ).—The crude 
methyl 4-phenyl-4-cyano-6-heptenoate (25 Gm.) was 
placed in a 500-cc.-Erlenmeyer flask and to this was 
added methyl alcohol (50 cc.) containing potassium 
hydroxide (5.7 Gm.). The mixture was refluxed for 
six hours, alcohol was removed by distillation, and 
the residue was acidified with hydrochloric acid. It 
was extracted with chloroform and the chloroform 
extract treated with sodium carbonate solution 
(10%) to remove the acid product. Acidification of 
the bicarbonate extract yielded the free acid as an 
oil which was removed with chloroform. Upon 
chilling the chloroform extract the free acid crystal- 
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lized and was recrystallized from alcohol (60%). 
Vield 11.1 Gm. (45%); m. p. 152-154°. 

Anal.-—Caled. for Cy.H»NO;; C, 67.93; H, 6.88. 
Found: C, 67.99, H, 6.93. 

2-Allyl-2-phenylglutarimide (X).—The 2-allyl-2- 
phenylglutaramic acid (10 Gm.) was mixed with 
hydrochloric acid (25 Gm.) and heated to 100° for 
two minutes. After cooling the reaction mixture to 
room temperature ice (20 Gm ) was added with stir- 
ring and the product separated as a gum. It was 
washed with sodium bicarbonate (10%) and the in- 
soluble residue puritied by fractional distillation. 
Vield 6 Gm. (66%); b.p. 191-193°/5 mm. Hg. 

Anal.—Caled. for Cy,HisNO,: C, 73.30; H, 6.70. 
Found: C, 73.34; H, 6.82. 
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Determination of the Heat Stability of 
Medicinal White Oils” 


By L. SALZMANN 


A simplified procedure has been developed to determine the ex 
A single oil sample is heated and tested for the presence of 


medicinal white oil. 


cted shelf life of 


hydroperoxides at definite time intervals by a rapid spot test carried out on filter 


paper. 


The heating time required for hydroperoxides to form in the oil, as ob- 


served visually by the development of a pink color on the filter paper, indicates the 
stability of the oil. 


T 1S WELL KNOWN that U. S. P. white mineral 

oils tend to develop odor or taste upon ex- 
posure to light and heat during storage (1). 
Investigations have shown that the development 
of odor or taste is brought about by oxidation 
and that the first stage of the oxidative deteriora- 
tion of an oil is the formation of hydroperoxides. 


Accelerated test methods have been devised 
to predict the storage stability at room tem- 
perature of a U. S. P. white mineral oil (2-3). 
Virtually all accelerated test methods employ 
the same principle, namely hastening the for- 
mation of hydroperoxides by heating the oils 
and detecting these organic hydroperoxides by 
the oxidation of ferrous salts to ferric salts and 
observing the red color formed with ammonium 
thiocyanate. 
a Received May 28, 1958, from L Soaneborn Sons, Inc., 
New York 10, N. ¥ 


Dr. Ira Kukin’s helpful suggestions in developing the spot 
test are acknowledged 


METHODS 


Currently in Use.—For over 20 years, an acceler- 
ated stability test has been used at the Petrolia 
refinery of L. Sonneborn Sons, Inc., as a control test 
in the manufacture of U. S. P. white mineral oils. 
We call the result of this test the “Breakdown Time” 
or “B. T.” of a white oil, since it expresses the time 
in minutes for a sample of the oil heated at 300° F. 
to develop measurable quantities of hydroperoxides 
(2). This accelerated stability test has also been 
referred to as the “Peroxide Test” for white oils, 
and both a qualitative and a quantitative procedure 
for determining hydroperoxides has been described 
by Golden (3, 4). It also has been shown that an 
oil in which the induction period for hydroperoxide 
formation is short (five minutes or less at 300° F.) 
tends to form a relatively large amount of hydro- 
peroxides when heated for one hour at 300° F. (4). 

In the B. T. Peroxide Test, which previously was 
used in our laboratory, several 10-ml. samples of 
the same oil in stoppered test tubes were immersed 
in a thermostatically controlled oil bath kept at 
300° F. At five-minute intervals, one of the test 
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tubes was removed from the bath, cooled, and tested 
for the presence of peroxides. This was done by 
flushing the test tube with carbon dioxide and shak- 
ing its contents with a colorless aqueous acetone 
(1:1) solution of ferrous thiocyanate. The immedi- 
ate appearance of a pink coloration in the lower layer 
is indicative of the presence of traces of peroxides. 
The length of heating time required until a white oil 
gives a positive test with the thiocyanate solution 
is called the B. T. of the oil. An unstabilized white 
oil has a B. T. or Peroxide Time of less than five 
minutes, while a properly stabilized oil may have a 
B. T. of twenty minutes or over. Although exact 
correlation is difficult, a B. T. of 20 or more has been 
found to correspond to a normal shelf-life for the 
oil of several years (4, 5) 

Need for an Improved Method.—One of the diffi- 
culties in the test as described is the uncertainty of 
the positive establishment of the presence of hydro- 
peroxides. Occasionally, an oil might show a B. T. 
of less than ten minutes although there is definite 
evidence to indicate that the oil has good storage 
stability and that the B. T. of the oil should have 
been in excess of twenty to thirty minutes. Ex- 
haustive investigation showed that such misleading 
positive tests were due primarily to trace impurities 
in the test tubes which act as oxidation catalysts. 
This difficulty could only be overcome by scrupu- 
lously washing each test tube with hot chromic acid 
sulfuric acid solution, or, preferably, hot nitric 
acid. 

The many objections to washing so carefully the 
large number of test tubes required each day 
prompted a search for a simplified heat-stability 
test in which only a single, scrupulously cleaned 
test tube would be required for evaluating the B. T. 
of a particular white oil. In the course of the suc- 
cessful development of such a test, improvements 
were made, also, in the preparation of the test solu- 
tion and in the design of the constant temperature 
bath. These changes should facilitate the routine 
use of the new method by laboratories which test 
white oils only occasionally or are not otherwise 
equipped to perform the Peroxide Test. 


Outline of Method.—-A single, carefully cleaned 
test tube containing about 5 ml. white oil is heatea 
in a constant temperature bath which consists of an 
electrically heated and thermostatically controlled 
aluminum block. At five-minute intervals, a single 
drop of oil is withdrawn from the test tube contain- 
ing the oil sample, and spotted on a medium porosity 
filter paper. A drop of test solution is placed on the 
filter paper adjacent to the circular spot of oil. 
When hydroperoxides are present, the crescent- 
shaped zone formed by the interaction of the two 
drops turns pink or red, as illustrated in the photo- 
graph, Fig. 1. The spot, once formed, changes very 
little in color and, likewise, the reagent itself does 
not form a colored spot in the absence of hydro- 
peroxides. The test is, therefore, ideally suited 
for the routine evaluation of the heat stability of 
white oils and can be easily demonstrated and super- 
vised 

Constant Temperature Bath.—The bath consists 
of a solid aluminum cylinder, 12 inches in diameter 
and 9 inches high. Holes are drilled into the block 
to accommodate the test tubes and a mercury 
thermoregulator. Two heating coils are fastened 
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Figure 1. 


to the bottom. The entire arrangement is shown 
in Fig. 2. The side of the aluminum cylinder is 
insulated and an annular Transite cover and base 
complete the assembly, as shown in Fig. 3. The 
bath is maintained at 300° F. The temperature is 
determined by a thermometer inserted in a test tube 
containing fine lead shot. 

Reagents.—-Ferrous sulfate, C. P.; ammonium 
thiocyanate, C. P.; concentrated sulfuric acid, C. P.; 
zinc dust, analytical grade; and acetone, U. S. P 

Preparation of Test Solution.—In a beaker, 0.28 
Gm. ferrous sulfate is dissolved in 25 ml. distilled 
water and 0.5 ml. concentrated sulfuric acid added, 
followed by a solution of 0.5 Gm. ammonium thio- 
cyanate in 25 ml. distilled water and 50 ml. acetone 
The solution is heated gently, treated with a small 
amount of zinc dust, and stirred until the mixture 
is decolorized. The solution containing excess 
zinc dust is poured into a 4-oz. bottle. (Such a 
solution is stable for about three days, but it has 
been found convenient to prepare a fresh solution 
daily.) The sensitivity of the test solution can be 
determined by means of diluted solutions of organic 
hydroperoxide in a white mineral oil which itself 
must be free of hydroperoxides. 

A freshly prepared test solution gave an instan- 
taneous positive spot test with white oil containing 
0.01%, by volume, of cumene hydroperoxide! and a 
weak but distinct positive test after thirty to sixty 
seconds with a 0.001%, by volume, solution of the 
hydroperoxide. This means that the lower limit 
of the spot test is approximately 2.5 p. p. m. of 
active oxygen. 


‘A sample containing 71.3% cumene hydroperoxide was 
obtained from Hercules Powder Co 
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Fig. 2.—Bath for determining heat 


white oils 


stability of 


Cleaning of Sample Test Tubes.—The test tubes 
are carefully cleaned with hot chromic-sulfuric acid, 
or hot nitric acid, rinsed thoroughly at least 6 or 7 
times with tap water, followed by several rinsings 
with distilled water, and dried in an oven 

Although ordinary, unstoppered Pyrex test tubes 
can be used, we have found it somewhat advan- 
tageous to employ tubes having ground-glass stoppers 
to which a glass rod is fused, as shown in Fig. 3 
This facilitates the periodic removal of drops of 
white oil for testing without the chance of con- 
taminating the test specimens. 


RESULTS 


Advantages of the Improved Method.—The new 
procedure has been in routine use in our laboratory 
for approximately a year. The results were found 
to be identical with those obtained by the conven- 
tional B. T. test, provided that the test tubes used 
in the original method had been carefully cleansed. 

It has been found that better quality control in 
the production and use of white oils is possible by 
the improved method which avoids erroneous results 
caused by traces of impurities in the test tubes. 
The appearance of the pink crescent when the B. T. 
has been exceeded is clear and distinct and can be 
identified with certainty even by inexperienced 
personnel who are relatively unfamiliar with the 
hydroperoxide procedure 

The ferrous thiocyanate solution prepared by zinc 
reduction eliminates the need to keep a large volume 
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of test solution under constant reflux in the presence 
of nascent hydrogen (produced by the addition of 
iron wire and sulfuric acid to the test solution). 
Accordingly, many attendant difficulties are avoided. 
In addition, the test solution is not made oversensi- 
tive—a condition that previously arose from time to 
time 

By substituting an aluminum heating block for an 
oil bath, further operational advantages are obtained, 
such as the elimination of fire hazards, contamination 
of the samples with oil vapors, the need to renew 
periodically the heating oil, or to clean and reset 
the electrical contacts. Since only a single tube is 
required to test each white oil, the size of the con- 
stant temperature bath can be reduced considerably. 


APPLICATIONS 


The improved method is applicable, as in the case 
of the former Peroxide Test, to the prediction of the 
storage life of white oils (4), the evaluation and devel- 
opment of inhibitors for white oils, as well as for 
assaying the potency of alpha tocopherol which is 
the only inhibitor approved by the U. S. Pharma- 
copeia (5-8). 
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The Occurrence of a Free Amino Pool in Cultures of 


Claviceps litoralis Kawatani* 


By M. L. BERMAN and H. W. YOUNGKEN, Jr. 


A quantitative growth study of Claviceps litoralis Kawatani has been made in a chem- 


ically defined medium. No alkaloids could be detected in substrate or mycelial 


tissues under the conditions of this study. 


The mycelial tissues from the growth 


study were examined qualitatively and quantitatively for the presence of free amino 
acids. Several of these amino acids were identified. From the results of this 
analysis it was concluded that a free amino acid pool exists in the mycelial tissues and 
that this pool undergoes changes in the kinds of amino acids and their concentra- 
tions during mycelial growth. The culture filtrate from the growth study was also 
analyzed for the presence of amino acids, and these were identified. However, the 
amounts of amino acids present in culture filtrates were too small to be determined 
quantitatively. Extraction of amino acids from lyophilized mycelial tissue with 

iling water, 70 per cent alcohol, and cold 5 per cent trichloroacetic acid indi- 
cated that the boiling water method was the most efficient. The results confirmed 
the findings of others that the amino acid, tyrosine, may not exist in sufficient amounts 
or long enough in mycelial culture to support alkaloid biosynthesis. The role of 


6 her HYPOTHESES that amino acids or closely 

related metabolites might be “precursor” 
substances for the biosynthesis of ergot alkaloids 
have been investigated by Sim and Youngken (1), 
Tyler and Schwarting (2), and Gjerstad and Ram 
stad (3). These workers employed “feeding” 
experiments, but failed to demonstrate any amino 
acid-alkaloid relationship. However, the con- 
cept that amino acids may be involved in the 
biogenesis of these alkaloids would be in accord 
with the proposals of Van Tamelin (4), Wendler 
(5), and Harley-Mason (6). In the Van Tamelin 
and Harley-Mason proposals, the starting ma- 
terial is tyrosine. In Wendler’s theory, biosyn 
thesis of ergot alkaloids starts from tryptophan. 
Experimental evidence which might support 
these theories is thus far lacking. 

If amino acids are important precursors for 
ergot alkaloid biosynthesis under culture con- 
ditions, it would seem propitious to first determine 
what amino acids are present in mycelial tissues 
grown under these conditions. Alterations in 
the concentration and/or composition of these 
free amino acids concomitant with alkaloid 
biosynthesis might then reveal which one(s) of 
several amino acids would actually possess pre- 
cursor value for alkaloid formation. Changes in 
amino acid composition or concentration might 
then be effected through the use of proper anti- 
metabolites. 

Experimental evidence showing the nature of 
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tyrosine in this regard must await further study. 
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the free amino acids in saprophytically-cultured 
species of Claviceps has not, however, been con- 


clusive. This study, therefore, describes the free 
amino acids found by several methods in species 
of Claviceps litoralis Kawatani, when this fungus is 
grown on a chemically defined medium. 


EXPERIMENTAL 


Preparation and Incubation of Inoculum.—An 
authentic strain of Claviceps litoralis Kawatani which 
had been obtained originally from Dr. T. Kawatani 
of the Government Hygienic Laboratory, Tokyo, 
Japan, was employed for inoculation. Stock cul- 
tures of this strain were maintained for several 
weeks on sterile agar slants prepared with the 
formula of McCrea (7). Wickerham’s yeast- 
nitrogen base (8) was selected as the medium for the 
growth of the fungus in culture. This medium had 
been employed previously in our laboratory with 
success for the growth of Claviceps litoralis. In ad- 
dition, mannitol was selected as the carbon source 
because it had been previously demonstrated (9) 
that it would support mycelial development. Fur- 
thermore, being a nonreducing polyalcohol, mannitol 
would not react with amino acids in the medium 
resulting in alterations of these acids at high tem- 
peratures during heat sterilization. 

Sixty 500-ml. Erlenmeyer flasks, each containing 
500 mg. of yeast-nitrogen-base (Difco) and 5 Gm. 
of mannitol (Difco) per 100 ml. of distilled water 
were autoclaved at 15 pounds pressure for twenty 
minutes. The cultures were subsequently inocu- 
lated with a l-ml. suspension of mycelial tissue. 
This suspension was obtained by homogenating a 
twenty-two day old culture, which had been pre- 
viously incubated under conditions of agitation in 
the same medium. 

The inoculated media were maintained in the 
laboratory at room temperature (20-25°). Growth 
was continuously maintained by shaking the Erlen- 
meyer flasks on a mechanical reciprocating shaker 
making 160 excursions per minute. 
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Harvesting the Growth Material.—Five cultures 
were removed at random from the shaker for growth 
weight determinations at intervals from two to three 
days for forty-two days of growth. The mycelium 
was harvested from each flask by suction filtration 
through sintered glass crucibles and then it was 
thoroughly washed with five 100-ml. portions of 
distilled water. The mycelia were then instantly 
frozen and lvophillized for seventy-two to ninety- 
six hours. The weight of these lyophillized tissues 
constituted the dry weight. The spent culture 
medium from each harvest was also collected and 
combined and its pH determined. The combined 
culture filtrates from each harvest were then stored 
under a layer of toluene in a refrigerator. 

Results of Growth.—The results of the growth 
experiment and the description of growth are shown 
in Table I, in which data are included for Claviceps 
literalis dry weight and media pH changes over a 
period of forty-two days. From these results a 
growth curve (Fig. 1.) was produced for Claviceps 
li oralis mycelial growth. 

Test for Alkaloids..-Chemical analysis for the 
presence of ergot alkaloid in aliquots of dried myce- 
lial tissue and culture medium from each harvest 
were carried out by means of the British Pharma- 
copoeia (10) procedure. No positive results were 
observed in any of these samples, and it was there- 
fore concluded that indole alkaloids were not present 


Qualitative and Quantitative Analysis of the Free 
Amino Acids 


Extraction of the Free Amino Acids.—A survey of 
the literature revealed that the use of 70-80% 
alcohol (11) and boiling water (12) for the extraction 
of free amino acids from plant organisms were the 
methods most frequently employed with success 
Since investigators who employed these procedures 
for extraction of free amino acids did not report 
which solvent was best for the complete extraction 
of amino acids, it was necessary to ascertain this by 
experimental methods. In addition to the extrac- 
tion of amino acids from mycelial tissues with aleohol 
and boiling water, 5°) trichloroacetic acid was also 
used. The results of these experiments, based 
chiefly on the number of positive ninhydrin spots 
appearing on several chromatograms indicated that 
extraction by boiling water was superior to the two 
other methods. The details of this procedure are 
explained below. 
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Fig. 1-—Relationship between growth (dry weight 
basis) and pH during periodic development of 
Claviceps literalis in submerged culture. 


To 100 mg. of previously lyophillized powdered 
mycelium representing the combined growth from 
each harvest, | ml. of distilled water was added and 
the tissue homogenized for five minutes using a 
Potter-Elevehjem (13) glass homogenizer (capacity 
3 mi.). The resulting suspension was placed in a 
boiling water bath for ten minutes. It was then 
cooled and centrifuged at 3,000 r. p. m. for thirty 
minutes. The supernatant was retained. The 
tissue was again homogenated with 0.2 ml. of dis- 
tilled water and centrifuged. This process was 
repeated five times with 0.2-ml. portions of distilled 
water. The tissue was again homogenized with a 
sixth 0.2-ml. portion of distilled water and centri- 
fuged. It was then tested with a 1° solution of 
ninhydrin in ethyl alcohol. No blue color was ob- 
served after this mixture was placed in boiling water 
bath for twenty minutes. This indicated that the 
procedure completely extracted the water-soluble 
ninhydrin-positive material. The combined super- 
natant was then placed on an ion exchange resin. 
Five ml. of Dowex 50 (20-50 mesh with 4% cross 
link at pH 4) were used. After flushing the super- 
natant through the resin, with the aid of a needle 
and syringe, the resin was washed ten times with 
2-ml. portions of distilled water. Each washing 
was tested with the ninhydrin reagent. No blue or 
purple color could be observed. 

Ammonium hydroxide, 3 N, was then used to 
elute the amino acids from the resin. This was ac- 
complished by adding 2 ml. of 3 N ammonium hy- 
droxide to the resin and flushing it through the resin 
ten times. The liquid was quantitatively removed 


TaB_Le I.—Periopic ANALysts oF Claviceps litoralis MyceL1aL GROWTH ON MANNITOL- 


YEAST-NITROGEN-BasE DvuRING Forty-Two Days or GrowTH 


Av. Dry Wt. Av. pH 
Harvest, of Mycelial Standard of Culture 
Harvest Days after Tissue Error of Medium per 
Number Description of Growth Inoculation per Flask, mg.* the Mean. mg Flask? 
l Feathery white pink 17 9.6 +0.0031 3.7 
2 Feathery white pink 20) 56.6 +0.8 3.18 
3 Feathery white pink 2: 119.1 +3.3 2.84 
4 Feathery pink 25 120.7 +3.3 2.68 
5 Feathery oatmeal pink 30 25.9 +2 .1 2.62 
6 Feathery oatmeal pink 32 125.3 +0.9 2.49 
7 Feathery oatmeal pink 35 127 +2.7 2.59 
s Feathery oatmeal pink 38 131 +1.1 2.68 
9 Feathery oatmeal pink 40 150.2 +3.4 2.70 
10 Feathery oatmeal pink 2 138.4 +1.8 2.60 
* Starting inoculum = 3.3 mg. Claviceps litoralis mycelial tissue per ml. 
* pH of culture media at time of inoculation = pH 4.5. 
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from the resin by suction through an 18-gauge in- 
jection needle placed at the bottom of a 12-ml. 
centrifuge tube containing the resin and attached 
by a rubber joint to a glass tube. The tube was 
extended through a stoppered bell jar, which could 
be evacuated into a 12-ml. graduated centrifuge 
tube. Elution with 3 N ammonium hydroxide 
solution was repeated. The ninhydrin test after 
boiling off the ammonia, revealed that the first 
2-ml. portions of base eluted all of the ninhydrin- 
positive material from the resin. The eluate was 
then lyophillized and the residue taken up in 0.1 
m!. of distilled water. This was followed by anal- 
ysis using the technique of paper chromatography 
(described below ) 

It should be mentioned that extraction of amino 
acids with cold water gave results similar to those 
of the boiling water method. However, the analysis 
of the paper chromatograms before and after the 
hydrolysis of the extracts revealed that the cold 
water procedure extracted more polypeptides or 
proteins than did the boiling water procedure. An 
outline of the boiling water method is shown in Fig. 
9 

Quantitative Extraction of Amino Acids.—In 
order to ascertain whether or not the boiling water 
method, described above, extracted all or nearly 
all of the amino acids in the mycelial tissue, the 
following experiment was undertaken: 0.2 ml. of 
0.01 M solution of tyrosine, tryptophan, and lysine 
were added to 100 mg. of powdered lyophillized 
mycelial tissues representing the combined mycelium 
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from harvest number 6. Previous analysis had 
shown that these added amino acids were not present 
in the mycelial tissue from this harvest. The 
powdered mycelium, with the added amino acids, 
was then extracted by the boiling water method 
previously described: Twenty-five microliters of 
the extract was chromatographed and the spots 
indicating the position of the added amino acids 
were cut out and quantitatively analyzed. The 
results are shown in Table II. 
TaBLe II.—QUANTITATIVE ESTIMATION OF ADDED 
Amino AcIps 
uM of aM of 
Amino Acid Amino Acid Recovery, 
Added® Recovered*® % 
Tyrosine 0.22 89 
Tryptophan 0.21 88 
Lysine 2! 0.2: 92 


Amino Acid 
Added 


@ uM of amino acid in 25 microliters 


Hydrolysis of the Extracts.—Preliminary results 
from paper chromatographic analysis revealed nin- 
hydrin spots which did not occupy a position on the 
paper corresponding to spots representing known 
amino acids. This indicated that these spots 
might be peptides. Therefore, in order to establish 
that an unknown spot from the extracts represented 
an amino acid, it was necessary to determine 
individual free amino acids present in the extract 
before and after hydrolysis. Hydrolysis was car- 
ried out by boiling the extracts with 6 N hydro- 


100 mg. of mycelium 
+ 1 ml. of distilled water 
| Homogenate 5 min. 


Boil 10 min. 


| 
Cool 


4 . 
Centrifuge 3,000 r. p. m., 30 min. 


- 


Supernatant 


Ninhydrin 6th 0.2-ml. Supernatant 
test | 
portion | 
5 ml. Dowex 50 H* 

| Wash 10 times 


Residue 


Repeat 
‘6 times 


| 0.2 ml. distilled water 
Homogenate 5 min. 


Centrifuge 


Residue 


Eluate with 3 N NH,OH 32-ml. portions 


Ninhydrin 3rd 2-ml. 
test — 
portion | 
Eluate 


Freeze dry 


Redissolve 0.1 mi. 

0.05 ml. 0.05 ml 

25 microliters 


chromatograph 0.05 ml. 


| 24 hr. acid hydrolysis 
| wash over NaOH two times 


25 microliters chromatograph 


Fig. 2 


Scheme for extracting amino acids from mycelial tissues with boiling water. 
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chloric acid at 105° for twenty-four hours. For 
control purposes, 0.1 ml. of a 0.01 M acid solution 
(0.05 N hydrochloric acid) of tryptophan, serine, 
threonine, glycine, alanine, valine, leucine, methio- 
nine, aspartic acid, arginine, proline, hydroxyproline, 
phenylalanine, tyrosine, lysine, and ornithine were 
subjected to acid hydrolysis and subsequently chro- 
matographed. Except for tryptophan, these amino 
acids were detected on a chromatogram. 

Chromatographic Technique.—The chromato- 
graphic technique used in determining the free amino 
acids present in the mycelial tissues was similar to 
the one reported by Levy and Chung (14) and modi- 
fied by Dixon (15). In this procedure the chromato- 
grams were run by the descending technique 
Whatman grade No. 3 filter paper, 14'/2X 22'/s 
inches, was passed through a buffer solution (pH 9.3) 
contained in a trough. The buffer was prepared by 
dissolving 22.306 Gm. of sodium pyrophosphate 
(NaeP.O;-10 in 900 ml. of distilled water and 
adding 2.4 ml. of 1 N hydrochloric acid plus 5.7 Gm. 
of sodium chloride. The solution was then brought 
toa final volume of 1 L. The paper was then blotted 
and hung in a hood to dry A line was drawn 2 
inches from the short edge of the paper and solutions 
of amino acid markers were applied every 1'/, 
inches along this line with the aid of graduated 
ultra micropipets. The papers were then placed in 
a stainless steel cabinet and suspended from glass 
rods so that 1'/; inches of paper, proximal to the line 
where the extracts had been applied, dipped into a 
trough containing the mobile phase. The mobile 
phase was prepared by mixing 25 Gm. of phenol 
(redistilled) and 25 Gm. of m-cresol (redistilled) 
with 7 ml. of pyrophosphate buffer pH 9.3. This 
mixture was allowed to stand for 20 minutes and 
filtered (Whatman No. 42 paper). The filtrate was 
then added to the trough. Prior to adding the mo- 
bile phase, the paper was allowed to equilibrate for 
one hour with the aqueous phase which was con- 
tained in a trough at the bottom of the sealed cab- 
inet. The aqueous phase was prepared by mixing 
250 mi. of the pyrophosphate buffer pH 9.3 with 8 
ml. of the mobile phase 

The paper was developed for twenty-seven hours 
and then washed with fresh reagent grade ether to 
remove the cresol and phenol from the paper. The 
paper was again hung in a hood and the ether al- 
owed to evaporate. The paper was then sprayed 
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with 0.1% solution of ninhydrin in ethyl alcohol 
plus 5 ml. of glacial acetic acid and 2 ml. of collidine 
per 15 ml. of the ninhydrin solution. The paper 
was next transferred to a drying closet maintained 
at 45°. After one hour, the paper was removed 
and the ninhydrin spots noted. Two criteria were 
employed for identifying the amino acids in the ex- 
tracts and hydrolysates, their corresponding position 
with that of amino acid markers on the paper and 
the characteristic color of the spots. Standard 
amino acids, in a concentration of 0.01 M de- 
livered to the paper in a volume of 3 microliters, 
were used as markers. These showed the relative 
movement similar to the amino acids listed in Fig. 3. 
The color developed from the reaction of ninhydrin 
with amino acids was modified by the presence of 
collidine in the spray This resulted in a charac- 
teristic color for each amino acid. When the spray 
was used without collidine, under the conditions 
described, the color of all the spots was pink 

Quantitative Analysis._The quantitative chro- 
matographic method of Connell, Dixon, and Haines 
(16) was selected for estimation of the free amino 
acids on paper chromatograms. However, the 
composition of the quantitative reagent was altered 
An acetate buffer pH 5.51 was used instead of the 
acetate buffer pH 4.63 and the amount of nin- 
hydrin was increased from 4.0 Gm. to 4.8 Gm. 

Spots of amino acid markers of known concen- 
tration on the same chromatogram corresponding 
with unknown spots were analyzed. From extinc- 
tion values of 570 mu (Beckman Model B Spectro- 
photometer with cells of 1 cm. light path) for the 
amino acids of known amino acids and the extinction 
values of the unknown solutions, the concentration 
of the unknown amino acids were calculated. In 
view of the fact that amino acids were quantitative 
at a level of 0.03—-0.05uM, it was clear that the 
method can be relied upon for quantities of amino 
acids at least as low as 0.01 M 

During the analysis, extinction values for several 
of the unknown solutions were found to be less than 
three times those of the blank. As a result, these 
concentrations are reported as trace amounts (see 
Table III). 

Results of Qualitative and Quantitative Analysis. 

The quantitative results shown in Table III are 
reported as micromoles of amino acids per 100 mg. 
of lyophillized mycelial tissue. Each 100 mg. of 


RESULTS OF QUALITATIVE AND QUANTITATIVE ANALYSIS OF FREE AMINO ACID 
EXTRACTED FROM Myce.ia or Claviceps litoralis DURING Forty-Two Days or GRowTH 


Micromoles per 100 mg. of Lyophitized Cells — 


Interval of Harvest, Days — 

Amino Acids 20 + 23 25 32 35 38 410 42 
Aspartic acid 0.12 0.10 0.08 0.12 Trace 0.08 
Glutamic acid 0.20 0.08 0.08 Trace 
Serine 0.17 0.08 Trace 0.04 0.10 0.12 Trace 
Glycine 0.09 Trace 0.04 0.04 0.15 Trace Trace Trace 
Threonine Trace 0.11 0.07 +P 
Alanine 0.28 0.08 0.09 0.08 0.08 Trace Trace 
Tyrosine 0.08 
Valine 0.24 
Methionine 0.20 
Lucine or 

Isoleucine 0.15 
Cystine 0.08 
Lysine 0.04 


|| 
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X = Days of mycelial growth 


Aspartic acid 
Cystine 


1. 
2. 
3. 
4. 
5. 
6 


Glycine 


H = Hydrolytic products. 


Alanine 7. Histidine K Proline 
Arginine 8. Leucine . Serine 
Isoleucine Threonine 
10. Lysine Tyrosine 
Glutamic acid 11. Methionine Valine 
1 Phenylalanine 


Fig. 3.—Diagrammatic representation of spots of a composite chromatogram showing the amino acids 
of aqueous extracts and their hydrolysates from tissues of Claviceps litoralis K. Growth forty-two days. 


tissues represents an aliquot of the combined growth 
from each harvest. It would appear, from the re- 
sults, that the mycelial tissues of Claviceps litoralis 
grown under the conditions described, possess a 
free amino acid pool and as judged by the changes ia 
pool composition and pool level at the time of har- 
vest the amino acid pool was also in a constantly 
changing state. 

In general, all of the amino acids in the extracts 
could be identified by the two criteria mentioned. 
However, there were two spots which could not be 
identified. These are shown in Fig. 3. 

Qualitative and Quantitative Analysis of the Cul- 
ture Filtrate.—-A qualitative and quantitative anal- 
ysis of the combined culture filtrates were deter- 
mined from each harvest for the presence of free 
amino acids. 

For this purpose, 50-ml. aliquots of culture fil- 
trates were lyophillized and the residue taken up in 
2 mi. of distilled water. This solution was then 
passed through Dowex-50 resin as previously de- 
scribed. The final extract, after elution and lyo- 
philization, was redissolved in 0.2 ml. of distilled 
water. One-tenth milliliter was subjected to a 
twenty-four hour acid hydrolysis and the remaining 
extract was then chromatographed using the tech- 
nique previously described. 

The results from determining the amino acids in 


culture filtrate are shown in Table IV. These re- 
sults show that the amino acids, tryptophan, 
histidine, and methionine originally present in the 
culture medium, were not found later in the same 
medium. This would indicate that these amino 
acids were readily assimilated by the mycelial tissues 
during growth. Those amino acids which were 
found to be present in the culture filtrates and hydroly- 
sates were present in amounts too small to be de- 
tected by the quantitative method employed. 


DISCUSSION 


The results of, the quantitative growth study, 
when compared with those of other workers who 
employed the same strain and species of Claviceps, 
demonstrated that the mannitol-yeast base was 
not as efficient a medium for supporting growth as a 
mannitol-yeast extract-peptone medium (17). 
Maximum growth in the medium employed in this 
study was achieved in forty days and the dry weight 
yield was 150.2 mg., whereas Sim and Youngken 
(17) reported that maximum growth on the man- 
nitol-yeast extract-peptone medium was attained 
in twenty-eight days and the dry weight yield was 
1.179 Gm. 

However, the mannitol-yeast-nitrogen-base 
medium supported sufficient growth under controlled 
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TABLE IV,—RESULTS OF QUALITATIVE ANALYSIS OF THE FREE AMINO ACIDS AND THE 


Interval of Harvest Days 
30 32 35 


Amino Acid 

Serine 
Glycine 
Alanine 
Aspartic 
Threonine 
Valine 
Isoleucine or 

leucine xX 


X 


F H 
X 
X 


H 


Xx 
X 


*F = Free amino acids in culture filtrate. 
acids found in trace quantities. 


conditions to indicate that a free amino acid pool 
exists in the mycelial tissues of the fungus. From 
Table III it can be seen that the greatest number of 
amino acids in the pool occurred early in the incu- 
bation period. This might be expected in view 
of the findings reported by Spiegelman, Halvorson, 
and Ben-Ishai (12) who studied the free amino acid 
pool in yeast cells. They were able to show that 
the number of amino acids in the pool decreases as 
protein synthesis increases. The results presented 
here indicate that as growth increases, the pool 
composition tends to decrease. 

The results from the analysis of amino acids in 
the culture filtrates demonstrated that there was 
an assimilation of the amino acids and that this 
could be measured quantitatively. Since methionine 
and tryptophan were present in the yeast nitrogen 
base medium in racemic form, it is suggested that 
the mycelium has the ability to utilize both p- and 
L-forms of these amino acids. On the other hand, 
the possibility exists that these amino acids were 
destroyed in the culture medium by reaction with 
some unknown substance secreted by the fungus. 

The findings of only traces of amino acids and 
peptides (hydrolysates) in the culture filtrates would 
seem to indicate that the intracellular concentration 
of amino acids was many times higher than the ex- 
ternal supply. 

The results of this study demonstrated that 
Claviceps litoralis was capable of synthesizing eleven 
amino acids. Several of these amino acids could 
have been formed by the process of transamination 
of certain dicarboxylic acids previously reported by 
Gloor (9) to be present in mycelial cells of Claviceps 
litoralis 

Several proposals by others (4-6) for the bio- 
synthetic pathway of lysergic acid and the ergot 
alkaloids involve tyrosine. In this study tyrosine 
was found in the twenty-day old cultures, and then 
it disappeared. In view of the findings of catecho- 
lase activity in Claviceps litoralis mycelia by Sim 
and Youngken (17), the disappearance of tyrosine 
might be accounted for by the activity of the en- 
zyme or one like it. This hypothesis is strength- 
ened by the observation of these workers that their 
enzyme preparation from young tissues oxidized 
added amounts of tyrosine. Since tyrosine also 
appeared in young tissues in this study, it would 


H = hydrolysate-aminv acids from hydrolysis of the culture filtrate. 


x = amino 


seem plausible that tyrosine was oxidized by an 
enzyme system having tyrosinase activity. If 
future experiments prove this to be correct, then it 
would be of interest to inhibit this enzyme system 
and at the same time follow the fate of tyrosine in 
order to test more carefully the hypothesis that tyro- 
sine is a precursor of ergot alkaloid biosynthesis. 

Kawatani and co-workers (18) examined natural 
ergots parasitic on rye Secale cereale L., Triticum 
vulgare Vill., and Elymus mollis Trin. for the pres- 
ence of free amino acids. Ergot parasitic on Elymus 
mollis (Claviceps litoralis) was found to contain the 
following amino acids: alanine, valine, nor-valine, 
and phenylalanine; while ergot parasitic on rye 
had the following amino acids: aspartic, glitamic, 
histidine, tyrosine, valine, nor-valine, and phenyl- 
alanine. Amino acids obtained from ergot para- 
sitic on wheat were aspartic, glutamic, glycine, 
alanine, histidine, and valine. Of these amino 
acids only histidine, phenylalanine, and nor-valine 
were not present as free amino acids in mycelial 
tissues grown in the cultures described in this re- 
port. 
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A Note on Particulate Matter Encountered in 


Some Dextran Injections* 


By DONALD E. CADWALLADER, Jr.t, CHARLES H. BECKER, JOAN H. WINTERS, 


INJECTION is an important blood volume 
expander and is commercially available as a 
six per cent solution of partially hydrolyzed dextran 
in isotonic sodium chloride solution. Because of 
present employment and possible large scale usage 
in case of national emergency, military depots must 
stockpile dextran injection in large quantities. 
This preparation is stored over a comparatively long 
period of time. During storage, however, the forma- 
tion of particulate matter in dextran injection has 
been reported in numerous instances. This renders 
the colloidal infusion solution undesirable for in- 
travenous injection 

The solutions containing particulate matter were 
manufactured by three different companies. These 
injections varied in date of manufacture, lot number, 
and conditions under which they were stored 
Furthermore, the amount of material present fluc- 
tuated considerably from container to container. 
On visual inspection, the precipitate was found to be 
primarily flocculent and did not conform to any ap- 
parent pattern of size, shape, or color. The amount 
of particulate matter was approximately 1 mg. per 
500-ml. flask 


EXPERIMENTAL 


Decomposition Points.—The decomposition 
points of particulate matter, obtained from various 
manufacturers’ solutions and dextran powder, were 
determined in standard glass, capillary, melting- 
point tubes. The gradual darkening (230°) and 
very dark brown color at 275° of the particulate 
matter was similar to that of dextran powder 

Solubility.—-The particles were readily soluble in 
dilute hydrochloric acid and hot distilled water. 
The particulate matter was not soluble in distilled 
water at oom temperature nor in any of the com- 
mon organic solvents. 

Tests for Carbohydrates.—Since the resis coating 
on the rubber stoppers of the 500-ml. flasks was a 
possible source of particulate matter, samples of 
the stopper coatings were included ia the testing 
Fehling’s and Benedict's tests were not sensitive 
enough for the amount of particulate matter avail- 
able. Therefore, the anthrone and aniline acetate 
tests (1) were employed. Minute quantities of 
dextran injection, dextran powder, and particulate 
matter gave positive tests for carbohydrates while 
stopper coatings gave negative results 

Paper Chromatography.— All chromatograms were 
carried out on Whatman No. | filter paper using the 
ascending method. The develo-ing solvent was a 
5:1:2 solut’on of n-butanol, glacial acetic acid, and 
distilled water. The spray reagent was an aniline 
oxalate solution (0.9 ml. aniline in 100 ml. of 0.1 M 
oxalic acid solut'on). 
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Chromatograms were run on the following sub- 
stances: dextran powder, particulate matter, dex- 
trose, dextran powder (hydrolyzed), particulate 
matter (hydrolyzed), dextran injection, and dex 
tran injection (hydrolyzed). Hydrolysis was ef 
fected by adding a drop of dilute hydrochloric acid 
to 1 ml. of solution (containing approximately 1°) of 
sample) and heating one hour in a water bath. The 
solution was carefully evaporated so that no visible 
caramelization took place, and final drying was car 
ried out in a vacuum desiccator. Then 1 ml. of 
distilled water was added and the hydrolyzed sample 
redissolved 

Dextran and particulate matter, when applied as 
such, did not appear to be carried by the solvent 
from their original point of application. When the 
aniline oxalate solution was applied and dried, no 
characteristic spots developed, as in the case of most 
simple carbohydrate compounds 

However, the hydrolysis products of dextran and 
particulate matter showed definite R, values and 
were characterized by red-brown spots. The Ry, 
values obtained for the hydrolysis products were the 
same as the R,; values of dextrose. The color of the 
dextrose spot was the same as the spots obtained 
from the hydrolysis products of dextran and the 
particles 

Infrared Spectroscopy.— Using the Perkin-Elmer 
infrared spectrophotometer, infrared spectra were 
run on the following samples: dextran, particulate 
matter, and stopper coatings. The finely powdered 
sample was incorporated in potassium bromide and 
pressed into a disk. 

The infrared spectra of the resin coatings, obtained 
from the stoppers of three different companies, were 
very similar, indicating that the stopper coatings 
used by the three manufacturers were the same 

The spectra of the stopper coatings were definitely 
different from the spectra of the particulate matter, 
providing further proof that the stopper coatings 
were not associated with the particulate matter 
Infrared analysis presented some indication that the 
particulate matter and dextran powder were related 

Ultracentrifuge.'—The Model E ultracentrifuge, 
manufactured by the Spinco Division, Beckman 
Instruments, Inc., Belmont, Calif., was used in the 
experiments. 

A 0.8% solution of particulate matter was pre- 
pared using 0.9% sodium chloride solution as the 
solvent and heating to approximately 80° in a water 
bath. This solution was dialyzed against physio- 
logical saline solution for twenty-four hours. Utiliz- 
ing this dialyzed solution, a sedimentation equilib- 
rium run was carried out in a 12-mm. ultracen- 
trifuge cell at 20°. A synthetic boundary cell run 
was carried out so as to provide the necessary cor- 
rection values. 


! Grateful acknowledgment is made to Dr. Alfred E 
Ritchie, Biochemistry Department, J. Hillis Miller Health 
Center, University of Florida, for his valuable aid in conduct 
ing the ultracentrifuge experiments 
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Employing the equations of Archibald (2) and the 
correction equations of Klainer and Kegeles (3), the 
average molecular weight was calculated to be ap- 
proximately 28,500. The ultracentrifuge patterns 
showed that the particulate matter was hetero- 
geneous. The extent and proportion of the hetero- 
geneity could not be ascertained from the data 

Reconstituting Particulated Solutions. -Many 
experiments were carried out with the purpose of 
determining desirable conditions for redissolving 
the particulate matter im situ. A satisfactory pro- 
cedure for solubilizing the particles in dextran in- 
jection was autoclaving for thirty minutes at 15 
pounds pressure and 121°. 


DISCUSSION 


The positive anthrone and aniline acetate tests 
with particulate matter indicate that the particles 
are carbohydrate in nature. Negative anthrone 
and aniline acetate tests imply that the stopper 
coatings were not carbohydrate and, consequently, 
the particles collected and tested were not derived 
from the bottle stoppers. Infrared analysis pro- 
vided further evidence that the stopper coatings were 
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not associated with the particulate matter. Finally, 
paper chromatography demonstrated that the par- 
ticles were very closely related to dextran. Experi 
mental evidence indicates that the particulate matter 
is a dextrose polymer, if not dextran itself 

The molecular weight of the particulate matter 
was calculated to be approximately 28,500. Even 
if a large error is allowed, i. e., 28,500 + 10,000, it is 
significant that the average molecular weight of the 
particulate matter is much lower than the average 
molecular weight of the original dextran solution 
(75,000). The low molecular weight dextrose 
polymer must aggregate in some manner to form a 
“snowflake” particle and settle out of solution 
Heating im stiu apparently breaks up the aggregate 
This redissolving of the particles is apparently 
irreversible, since there is no reprecipitation on 
cooling, freezing, or concentrating of the solution. 
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A Note on 3-Thienyl-3-dialkylaminoethyl Ketones 
and Related Compounds* 


By W. LEWIS NOBLESt 


A group of ketonic bases were synthesized 

from 3-acetylthiophene and 4-(3-thienyl)-3- 

buten-2-one, by means of the Mannich reac- 

tion, These compounds were prepared in an 

attempt to study the effect of position isom- 

erism in this series on the physiological 
activity of the compounds. 


_——- has been expressed in the pharmacologi- 
cal activity of various 8-amino ketones and some 
of their derivatives (1-6). Compounds of this 
type are readily obtained by the Mannich reaction, 
which utilizes the appropriate ketone, formalde- 
hyde or paraformaldehyde, and the desired amine 
(Primary or secondary) : 


has not been completed, but some of the preliminary 
results are indicated below': 

The piperidino compound exhibited some anal- 
getic activity (up to a 30% rise in the pain threshold 
in guinea pigs) at a dosage level of 12.5-25 mg./Kg. 
Prohibitive excitation occurred at doses above this 
level 

The piperidino, dipropylamino, and 2-methyl- 
piperidino compounds demonstrated slight anti- 
tubercular activity in vitro. 

The pyrrolidino, dipropylamino, diethanolamino, 
dibutylamino, and 2-methylpiperidino compounds 
exhibited im vitro amebicidal activity; the dipro- 
pylamino compound, the most active, was active 


RCOCH, + HCHO + R’,NH-HCi + H,O 


Levy and Nisbet (1) indicated that certain of the 
Mannich bases prepared from 2-acetylthiophene 
possess local anesthetic activity. Denton and his 
associates (2) reported that the piperidino Mannich 
base of 2-acetylthiophene demonstrated  anti- 
spasmodic activity equal to that of 8-diethylamino- 
ethyl diphenylacetate hydrochloride (Trasentin®) 
and greater than that of papaverine. 

We (5) had previously prepared vinylogs of these 
Mannich bases obtained from 2-acetylthiophene. 
The pharmacological evaluation of these vinylogs 
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at a 1:80,000 dilution. 

More recently, Campaigne (7) reported some 
interesting comparisons of the physiological activity 
of thiophene isomers. This report covered a wide 
variety of types of physiological activity (local 
anesthetic, antihistaminic, antispasmodic, anti- 
convulsant, and local anesthetic). Comparisons 
were made between the phenyl! analog and the 2- and 
3-thienyl isomers of these various agents. Cam- 
paigne concluded that in testing thiophene isomers 
of pharmacologically active benzene derivatives, 
the 3-isomer should always be included since there 
is a high probability that it will be active, and a good 
chance that it will be more active than the 2-isomer. 


‘Courtesy of Dr. Loren Long, Parke, Davis and Co., 
Detroit, Mich. 
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BASEs® 


oO 


C—CH,—-CH,;- NR:HCl 


Analyses 
> Carbon Hydrogen 


No. NR: Formula M. p. °C.6 % Caled Found Caled Found 
1 Dimethylamino Cy,HyNOS-HCI 164-165 56 49.29 49 28 6.42 6.31 
2 1-Piperidy! 196-197 62 55.46 55.67 6.98 6.81 
3 1-(2-Methylpiperidy]) 190-191 42 57.00 56.81 7.36 7.49 
4 1-(3-Methylpiperidy]) CysHipNOS-HCI 167—168 48 57.00 57.14 7.36 7.28 
5 1-Pyrrolidyl 159-160 44 53.74 53.97 6.56 6.74 
6 4-Morpholiny! Cy, HyNO,S-HC1 176-177 58 50.47 50.14 6.16 6.01 


oO 


HC! 


5 


Dimethylamino Cy HyNOS-HCI 154-156 52 53.76 53.54 6.56 6.45 

1-Piperidyl Cy.HiyNOS-HCI 187-188 46 58.83 59.06 6.70 6.54 
9 1-(2-Methylpiperidy]) CyHaNOS-HCI 193-194 39 60.08 59.93 7.40 7.28 
10 1-(3-Methylpiperidy]l) CyH»NOS-HCI1 188-189 44 60.08 59.81 7.40 7.54 
11 1-Pyrrolidyl CyHyNOS-HCl 161-162 42 57.42 57.36 6.67 6.58 
12 4-Morpholinyl CyHyNO,S-HCl 173-174 5D 54.25 54.49 6.29 6.43 
13 Diallylamimeo 113-114 42 60.48 60.29 6.77 6.64 


* Carbon and hydrogen analyses by Weiler and Strauss, Oxford, England. 
6 Melting points are uncorrected 


Thus, we became interested in preparing the 3- one, have been prepared using various dialkyl and 
thienyl isomers of some of these previously reported heterocyclic secondary amines. 
Mannich bases. These are listed in Table I. 
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Book Notices 


Konstitution und Vorkommen der organischen 
Pflanzenstoffe (exclusive Alkaloide). By W. Kar- 
RER. Birkaiiser Verlag, Basel, Switzerland, 1958 
1207 pp. 16.5x23.5cm. Price sFr. 136. 

This book provides a comprehensive survey 
of plant substances which have been isolated as 
pure compounds. It will make a search of the 
literature infinitely easier for any chemist working 
in the field of plant chemistry or others who have 
to deal frequently with problems of phytochemistry 
The text, in general, gives the structural formula 
and the melting point and crystalline structure of 
each of the hundreds of compounds recorded. The 
literature cited is by no means all-inclusive, and 
this is not the intent of the author. References 
are usually restricted to the literature relating to 
the isolation of a pure compound, the establishment 
of its structural formula, and its first synthesis 
if it has been completely or partially synthesized. 
Where trivial names are available, as they are in 
most instances, systematic chemical names have 
not been given. The full structural formula pro- 
vided for every compound, however, makes it 
possible to derive the chemical name. The book 
is provided with a botanical index and an index of 
names of the compounds covered. The author 
is to be commended for making the data he has 
collected available to his professional colleagues, 
and the publisher deserves a great deal of credit for 
undertaking the production of such a large and 
specialized work which probably will not be widely 
sold except to university and institutional libraries. 


Recent Progress in Hormone Research. Vol. XIV. 
Edited by Grecory Pincus. Academic Press, 
Inc., New York, 1958. vi+ 582pp. 15x 23cm. 
Price $13.50 
A compilation of the papers presented at the 1957 

Laurentian Hormone Conference is included in 
this book. It is divided into fourteen chapters, 
and includes discussions ranging through specialized 
organic chemistry, cancer, sexual pathology, ather- 
osclerosis, senescence, anxiety neuroses, and many 
other subjects of special interest in the field of 
endocrinology. 


Cholesterol. By Davip Kritcnevsky. John Wiley 
& Sons, Inc., New York, 1958. xi + 291 pp. 
15x23cm. Price $9.75. 

In this book the author and the publisher have 
provided a single source of information on the chem- 
istry, the biosynthesis, the absorption and transport, 
and the metabolism of cholesterol. In addition, 
cholesterol in disease states, blood cholesterol, 
and the analysis of cholesterol are adequately 
discussed in separate chapters. The value of the 
book is further enhanced by an appendix of tab- 
ulated information on the physical characteristics 
of cholesterol and related sterols and derivatives of 
cholesterol. The appendix also provides informa- 


tion on the content of cholesterol in the serum, 
in human tissues, and in animal tissues. The 
documentation seems to be quite comprehensive, 
and the book is provided with an excellent subject 
index. It should serve as a source of information 
on present-day research and suggest lines for future 
investigations relating to cholesterol and its func- 
tions. 


Modern Manufacturing Formulary. By Emu Be- 
LANGER. Chemical Publishing Co., Inc., New 
York, 1958. 399pp. 14x21.5cm. Price $10. 
This book seems to be designed to appeal to 

individuals with little or no pharmaceutical or 

chemical background who may wish to enter 
some branch of the manufacturing industry. 

Hundreds of typical formulas for foods, drugs, and 

cosmetics are outlined, and many of them are not 

as modern as the title might lead the prospective 
reader to believe. 


Dispersion of Materials. By Rott HamMMOND 
Philosophical Library, Inc., New York, 1958 
ix + 230pp. 14x21l.icm.. Price $10 
Crushing and grinding, classifying materials, 

fluidization, flotation, liquid dispersions, dispersion 
of gases and atmospheric pollution constitute the 
chapter headings in this book, which is designed 
to furnish basic information and as a reference 
book especially useful in the chemical industries. 


Insecticide Resistance in Anthropods. 
Brown. World Health Organization, 
des Nations, Geneva, Switzerland, 1958. 
16x24cem. Price £1 5s. $5. Sw. fr. 15. 
This excellent contribution of the World Health 

Organization constitutes another in its series of 
publications on insecticides and other pesticides. 
The book is divided into four chapters, the first of 
which discusses the nature and characterization 
of resistance. This is followed by chapters on 
taxonomic groups characteristically vectors to 
man and taxonomic groups characteristically not 
vectors to man. In another chapter, several 
phases of resistance developed by the housefly are 
discussed in considerable detail. 


By A. W. A. 
Palais 
240 pp. 


Synthetic Methods of Organic Chemistry. Vol. XII. 
By W. THer_Hermer. Interscience Publishers, 
Inc., New York, 1958. xvi + 546 pp. 15x 23 
em. Price $22.25. 

New methods for the syntheses of organic com- 
pounds, improvements of known methods, and also 
old improved methods scattered in periodicals 
are being recorded continuously in this series. 
Most of the references in Vol. XII concern papers 
published between 1955 and 1957. The index 
covers Vols. XI and XII, which constitute the first 
two of the third series. A limited number of revised 
entries to former volumes is included. 
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The Infra-red Spectra of Complex Molecules. 
2nded. By L.J. Bettamy. John Wiley & Sons, 
Inc., New York, 1958. xv + 425 pp. 14 x 
21.5cm. Price $8 
This book presents a critical review of the data 

on which infrared spectral correlations are based, 
indicating the classes of compounds which have 
been studied in each instance and the known factors 
which can influence the frequencies or intensities of 
characteristic bands. Groups of compounds con- 
taining common structural units are emphasized 


Atlas of Microorganisms: The Penicillia. By 
Ape. Kanehara Shuppan Co., Ltd., 
Tokyo, 1957. xv +322pp. 21x29.5cm 
This book, in English and Japanese, presents a 

classification of the penicillia, according to their 
growth characteristics, and gives concise descrip- 
tions of 68 members of the genus. Excellent 
black-and-white and beautifully reproduced color 
photographs of the plate cultures are included 
in the descriptions. This book should be available 
to teachers and students of microbiology. 


An Introduction to the Chemistry of Fats and Fatty 
Acids. By F. D. Gunstone. John Wiley & 
Sons, Inc., New York, 1958. x + 161 pp. 
15.5x 24cm. Price $6. 

This book, intended as a text for students and 
teachers, presents a rather selective coverage of 
the subject. The text material is divided under 
the following main headings: The fatty acids, 
Chemical nature of fats, Physical properties of 
fats and fatty acids, Chemical properties, Syn- 
thesis and utilization of fats in living organisms, 
and Chief technical applications of fats 


Manual of Pharmaceutical Law. 2nd. ed. By 
Perrtir. The Macmillan Co. New 
York, 1957. ix + 303 pp. 13.5 x 20 cm. 
Price $4.50 
This book is one of the few in the United States 

covering this phase of pharmacy. The text proper 

covers eight main areas: Powers to Regulate 

Pharmacy; Boards, Licensing, Stores; Control 

of Narcotics; Food, Drug and Cosmetic Acts; 

Other Drug Laws; Contracts of Pharmacists; 

Pharmacists’ Liability for Torts; and Business 

Units and Applicable Laws 
The appendix carries, for easy and quick refer- 

ence, (a) the uniform and model State Laws 

(Uniform Narcotic Drug Act, Model Hypnotic 

Drug Act) (6) the important Federal Laws (Nar- 

cotic; Food, Drug, and Cosmetic, PHS Biological 

Products Act, and the Caustic Poison Act), and 

(c) a two page glossary of 46 of the more elementary 

legal words or terms. 

This second edition was undertaken to bring the 
text current with the many changes in the statutes 
occurring since the appearance of the first edition in 
1949. Like the first edition, the text should prove 
of value to student and practitioner alike who has 
need for specific legal reference material in the 
field of pharmaceutical jurisprudence. The text, 
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quite obviously, is not intended, nor should it be so 
considered, as one that is deeply complex in any 
of the legal areas covered, nor does it cover all 
areas of legal interest to pharmacists practicing in 
specialized areas. For example, the laws affecting 
pharmacy services in hospitals such as the Chari- 
table Trust Immunity Doctrine, etc. are not 
covered. In the opinion of the reviewer, the 
purpose of the text is to give the lay person an insight 
to the complexities of law in many of the every day 
situations involving the practitioner of pharmacy 
The second edition is larger by some 130 pages 
than the last edition and follows somewhat the 
same format 


Signs, Symptoms, and Treatment of Certain Acute 
Intoxications. By William B. Deichmann and 
Horace W. Gerarde. Charles C Thomas, Spring- 
field, Ill, 1958. xv + 154 pp. 12 X 23 cm. 
Price $3.75. 

This handy-sized book is designed for quick ref- 
erence by the physician in cases of poisoning. The 
first part of the book (23 pages) reviews first aid 
procedures and materials. Part 2 is an alpha- 
betical list of chemicals with signs, symptoms, and 
treatment indicated. 


The New Chemotherapy in Mental Iliness. By 
H. L. Gorpon, M.D. Philosophical Library, 
Inc., New York, 1958. xvii + 762 pp. 15.5 
x23cm. Price $12. 

This work reviews the multiple experiences 
with tranquilizing drugs of 167 medical experts 
Their experiences in treating such psychiatric 
disorders as schizophrenia, maniac-depression, neu- 
roses, mental retardation, senility, and many 
others are presented in an interesting manner. 


Flavor Research and Food Acceptance. Sponsored 
by Artuur D. Littie, Inc. Reinhold Publishing 
Co., New York, 1958. vi + 391 pp. 15.5 x 23 
em. Price $10 


This book is based on a series of four symposia 
sponsored by one of the pioneers in flavor research 
It furnishes heretofore unavailable information 
developed by various research centers in sensory 
testing, consumer testing, psychology, physiology, 
and chemistry applied to flavors. While it is 
directed particularly to the food industry, there is 
much that should interest those in the pharma- 
ceutical industry concerned with flavoring medicinal 
products. 


Separation and Purification of Materials. By 
Rott Hammonp. Philosophical Library, Inc., 
New York, 1958. x + 327 pp. 14 x 21.5 cm. 
Price $10 
This volume covers sold-solid, solid-liquid, 

solid-gas, liquid-liquid, liquid-gas, and gas-gas 

systems. In a final chapter, preparation and 
purification in nuclear engineering are discussed. 

Particular attention has been given to atmospheric 

pollution both by sulfur compounds and by dust. 
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Dithiocarbamates, aromatic, and their 
antifungal activity, copper complexes 
o 556 

Drop counter, photoelectric cell, a note 
on a new versatile, 533 

Drugs, fluorescence of powdered vege- 
table, under ultraviolet radiation, 715 

Drug release, investigation of, from 
solids II Theoretical and experi 
mental study of influences of bases 
and buffers on rates of disolution of 
acidic solids, 376 

Dyes, several certified, and quaternary 
ammonium compounds, a study of the 
interaction between, 871 


Electrokinetic measurements, evalua 
tion of suspensions using, 104 

Electrolytic servo-system and the study 
of oxidative phosphorylation, an, 497 

Electrophoresis, filter paper, separation 
of some hydroxyanthraquinones by, 
513 

the paper chromatography and, of 
selected therapeutic agents I 
The paper chromatography of an- 
tihistaminic agents, 226 
Endotoxins, enterobacterial, the adsorp 
tion of, by activated attapulgite, 651 

Enteric coated tablets, correlation of 
in vivo with in vitro disintegration 
times of, 681 

compression coating, I In vitro 
studies, 857; Il. In vivo studies 
with barium sulfate potassium io- 
dide and barium sulfate tablets, 
862; III. In vivo studies with Ilo 
tycin tablets, 867 IV. Studies 
with acetylsalicylic acid (A. S. A.) 
tablets, 869 
Enterobacterial endotoxins, the adsorp 
tion of, by activated attapulgite, 651 
Ephedrine, a note on the detection of, by 
spot test, 460 
in the presence of cocaine, studies on 
the effects of, 67 
Epidermal protein, the interaction of, 
with aluminum salts, 509 
Epinephrine, degradation of, induced by 
bisulfite, 723 
a kinetic study of acid-catalyzed 
racemization of, 426 
Epoxide polymers of steroidal com- 
pounds, synthesis of , 56: 
Ergot, a study on couch grass, 326 
the suitability of barley as - host plant 
for the cultivation of, ! 
Essential oils, the in vitro + 
activity of, and oil combinations, 
204 
the in vifro antifungal activity of, 250 
Ethanol, correlation between anticon- 

vulsant activity and plasma concen- 
tration of, 769 

inamate activity, an investigation of 
the possible of, by chlor 

omazine, 827 

thiny! cyclohexy! carbamate, the de 
“tection of, toxicological specimens and 
its separation from a mixture of other 
drugs, 366 
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Ethylene oxide and propylene oxide 
Roly mers of steroidal compounds, sur- 
ace activity of, 567 


F 


Fines and lubricant, a study of the effect 
of, on a tablet granulation, 58 
Flavonoid constituents of Amphiachyris 
dracunculoides (DC) Nutt., 820 
materials, protective activity of some, 
against the acute toxicity of adren- 
ergic compounds to rats, 847 
Fluorescence of powdered vegetable 
drugs under ultraviolet radiation, 715 
6-Fluorothymol, the synthesis and anti 
fungal properties of , 689 
Formulations, solid, a mathematical in- 
terpretation of the kinetics of elevated 
temperature stability studies as ap 
plied to, 697 
Fructose, purification of, on ion ex 
change resins, 765 


G 


Gastrointestinal absorption, modifica 
tion of rates of, of drugs I. Amines, 
165; Il Quaternary ammonium 
salts, 169 

Gel point of methylcellulose, the effect of 
certain additives on the, 44 

Gentisic, ecetylsalicylic, and salicylic 
acid in fevered animals, a study of the 
oxidative metabolism of, 602 

Germicidal soap, development of a, 
containing bithionol, 317 

Glucose solutions, a study of the de 
composition of, 101 

Glutarimides V. Synthesis of 2-allyl-2 
phenylglutarimide, 882 

Glycosides, digitalis II, enzymatic de 
composition of, 594; III. Enzyma 
tic decomposition of , 600 

Gramine, the ontogenesis of, in barley 
seedlings, 97 

Gum turpentines, chemical composition 
of, of pines XXIX. A report on 
Pinus ponderosa from five localities, 
404 XXX A report on Pinus 
serotina, P. tenuifolia, and P. yunna 
nensis, 410 


8-Haloethylamine adrenergic blocking 
agents, a polarographic study of, 570 

Hemin, a study of the in vitro reaction of 
catalase and, with organic mercury 
compounds, 201 

Hexamethbylenimine analgesic, the met 
abolic fate of a, 20 

Histamine liberating and hypotensive 
actions of 1-pheny]-2-dimethylamino 
ethoxymethy! tetrazole hydrochloride 
(TT-209), the relationships between 
the, 606 

Homatropine, the kinetics of the hydrol- 
ysis of, 878 

3-Hydroxy- and 3-alkoxy-2-naphthoic 
acids, dialkylaminoalky! esters and 
amides derived from, 734 

Hydroxyanthraquinones, separation of 
— by filter paper electrophoresis, 


Myperchatestersiemte, the effect of nico 
tine on experimental, in the rabbit, 
338 

Hypotensive and histamine liberating 
actions of 1-phenyl-2-dimethyiamino- 
ethoxymethy! tetrazole hydrochloride 
(TT-209), the relationships between 
the, 606 
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I'"'-Exchange-tagging characteristics, 


study of certain physical and, of io 
dopropylidene glycerol, 303 
I'"-Labeled iodopropylidene glycerol 
with autoradiographic identification, 
paper chron_atography of, 315 
Hotycin tabicts, im vivo studies with. 
An enteric compression coating III, 
Iodine, the distribution and tate of, in 
cinerea glycerol in the rat, 
49 
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the use of active, as a water disin 

fectant, 417 
Iodopropylidene glycerol, the distribu 

tion and tate of iodine in the rat, 
149 

paper chromatography of I'*!-labeled, 
with autoradiographic identifica- 
tion, 315 

a study of certain physical and I'*'- 
exchange-tagging characteristics of, 


30: 
Irradiated rabbits, dextran localization 
and retention in normal and X-ray, 93 
Isoamyl nitrite in ampuls I, kinetics of 
the degradation of. Nature of reac- 
tion products and influence of tem- 
perature, oxygen, alcohol, water, and 
acid on the overall rate, 613 
Isoetharine, the pharmacologic actions 
of the bronchodilator drug, 744 
Isoniazid-p-aminosalicylic acid com 
bination, examination of the physical 
chemical basis for the, 749 
Isonicotiny! hydrazide, metal chelates 
and antitubercular activity IV, 285 
Isotonic solutions, a simplified graphic 
method for the preparation of, 107 
Solutions VI. The permeability of 
red corpuscles to various salts of 
organic acids, 705; VII. The per 
meability of red corpuscles to 
various alkaloidal salts, 711 
Isotonicity meter, a thermistor thermo- 
meter and direct-reading, 783 
Isotonicity meters, the calibration and 
use of direct reading, 40 
Isotope dilution analysis of salicylic acid, 
an inverse, 


Ketonic Mannich bases and the pro 
ducts of their reduction and bromina 
tion, 77 

Krebs cycle acids, the oxidative metab 
olism of certain, in tissue cultures of 
Claviceps litoralis, 220 
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Labiatae family, the sterol and triter 
pene content of the, 731 
Lactones and peroxides, antiveratrinic 
activity of, 269 
and peroxides, a study of the anthel- 
mintic activity of some, 792 
Leukocide/bactericide ratio: a tech 
nique for the evaluation of disinfec 
tants, 531 
Leurosine, virosine, perivine: a note on 
several new alkaloids from Vinca 
rosea Linn. I, 834 
skin, investigation of human, I, 
19 


RX, T he culture of Claviceps 
purpurea IV, 72 

Lubricant and Sues a study of the effect 
of, on a tablet granulation, 58 


Macromolecules, interaction of preser 
vatives with, I. Binding of para- 
hydrexybenzoic acid esters by Tween 
80, 288 

Malonic esters, quantitative determina- 
tion of a series of, by gas chromatog- 
raphy, 457 

Mannich bases, ketonic, and the prod- 
ucts of their reduction and bromina- 
tion, 77 

Meperidine, methadone and morphine, 
a study of the selective antagonism 
by N-allylnormorphine against, 323 

Mercury compounds, organic, a study 
of the in etfro reaction of catalase and 
hemin with, 201 

Metabolism, oxidative, of acetylsali 

cylic, salicylic, and gentisic acid in 
fevered animals, a study of the, 602 
oxidative, of certain Krebs cycle acids 
in tissue cultures of Claviceps lito- 
220 
soap-petrolatum ointment 

Methadone, meperidine, and morphine, 
a study of the selective antagonism 
by N-allylnormorphine against, 323 

Methylcellulose, the effect of certain ad 
dit: ves on the gel point of, 44 
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Methyicholanthrene, determination of 
the minimal carcinogenic doses of, on 
mouse epidermis, 350 

citric acid, mono-derivatives 

of, 851 
of some mono-deriva- 
tives of, 

Mint oils, some new constituents of, 265 

Mint species, a biogenetic arrangement 


inhibiting compounds, various, 
& effect of pH on the efficiency of, 


refraction, correlation of, 
with structure in the terpene series, 62 
Morinda citrifolia Linné |, a study of the 
root of, 162 
Morphine, studies on the structure of 
“bound 273 
a study of the selective antagonism 
by N-allylnormorphine 
meperidine, methadone, and, 32: 
Mucilaginous seeds, a histological - 
of some, 544 
Mydriatic agents, statistical problems 
related to the measurement of po- 
tency of, 245 


8-Naphthol derivatives V 
and antifungal properties of, ! 

Neuromuscular activity of a series of 
Bis(3 hydroxydimethy!piperidinium 
bromide) ethers, 438 

Nicotine, the effect of, on experimental 
hypercholesterolemia in the rabbit, 
338 

2-Nitro-2-methylpropanol-1, phosphite 
and phosphate esters of Nitroorgano- 
phosphorus compounds I, 72 

compounds I. 
Phosphite and phosphate esters of 2 
nitro-2-methylpropanol-!, 72 

8-Nitrotheophyllinates, preparation of 
some, 17: 

Nonaqueous titration of the tetracycline 
antibiotics and some commercial 
preparations, 548 


Oils, medicinal white, determination of 
the heat stability of, 885 
the antimicrobial activity 


Ointment base, a comparative study of 
surfactant influence on the release of 
ions from an emulsified, 225 

Ointment bases, metallic soap-petro- 
latum, 6 

Ointments, ophthalmic, a bacterological 
study of, 193 

Ontogenesis of gramine in barley seed 
lings, 97 

Optical rotation, the assay = _procaine 
penicillin in sesame oil by, 215 

Organic acids, the of red 
corpuscles to various salts of. Iso 
tonic sclutions VI, 705 

Organic bases in chlorobenzene with 
acetous perc — acid, a study of the 
titration of, 

N alkylated, the syn 
thesis and proof of structure of , 709 


P 


pH, the effect of, on the efficiency of 
various mold inhibiting compounds, 
691 
Parahydroxybenzoic acid esters, binding 
of, by polyoxyethylene 20 sorbitan 
monooleate (Tween 80) Interaction 
of preservatives with macromolecules 
I, 289 
Particle size, a study of the effects of 
ultrasonics on the, of certain sus 
pended pharmaceuticals, 309 
Penicillin, procaine, the assay, of, in 
sesame oil by optical rotation, 215 
benzyl, the formation and structure 
of the iron salt of, using infrared 
spectroscopy, 443 
ae oils, the antimicrobial activity 
of, 471 
Perivine, leurosine, virosine: a note on 
several new alkaloids from Vinca 
rosea Linn. I, 834 
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Peroxides, and lactones, 
activity of, 2690 
and lactones, a study of bow anthel- 

mintic activity of some, 
Perspiration flow, the study of te effect 
of certain c hemic als on, 25 
Petrolatum-metallic soap 
bases, 6 
Phenacetin, ion exchange method for 
determinaticn of caffeine, in presence 
of antipyrine and, 248 
Phenobarbital and diphenylhydantoin, 
the chromatography separation 
and determinaticn of 
effect of hydrogen ion and alcohol con- 
centration on the solubility of, 
810 
Phenothiazine derivatives, a note on the 
photosensitivity of, 760 
1 - Pheny! - 2 - dimethylaminoethory- 
methyl tetrazole hydrochloride (TT- 
209), the relationships between the 
histamine liberating and hypotensive 
actions of, 606 
Phenyl, mono-, substituted 1,2,4-tri- 
azoles, the pharmacology of two struc- 
isomeric, 77 
~ [2 - (5 - Phenyloxazoy!) | - 1 -methy!l- 
chloride and /p-toluene- 
sulfonate, the pharmacology of, 401 
Phosphate and phosphite esters of 2 
nitro - 2 - methylpropanol - | Nitro- 
organophosphorus compounds I, 72 
Phosphite and phosphate esters of 2- 
nitro-2-methylpropanol- Nitroorg- 
anophosphorus compounds I, 72 
Phosphorous compounds in tablet 
matrices, the uniformity of distribu- 
tion of, using radioactive tracer tech- 
niques, 628 
Phosphorylation, oxidative, an electro- 
lytic servo-system and the study of, 
497 
Photoelectric cell drop counter, a note 
on a new versatile, 533 
Photosensitivity of phenothazine deriva 
tives, a note on the, 760 
tablet color 
44 
Pines XXIX, chemical composition of 
= turpentines of. A report on 
inus ponderosa from five localities, 
404; XXX Composition of gum 
turpentine of A report on Pinus 
serolina, P. tenuifolia, and P. yunna 
nensis, 410 
Pneumoperitoneum, toxicity studies of 
sulfur hexafluoride SF« in, 197 
Poison ivy fruit fat, analysis of, 50 
Polarographic behavior of certain anti 
oxidants at the wax-impregnated 
graphite electrude, 433 
half-wave potentials, the correlation 
of, of antioxidants with their anti 
oxygenic efficiency, 436 
study of 8-haloethylamine adrenergic 
blocking agents, 570 
Polyoxyethylene 20 sorbitan monooleate, 
interaction of preservatives with 
macromolecules I Binding of p-hy 
droxybenzoic acid esters by, 289 
Polyphosphoric acid in the Bischler- 
Napieralski reaction, 353 
Polysaccharide acids IV, properties and 
applications of powdered. Compari 
son of carboxymethylcellulose (HC 
MC) and cornstarch as tablet dis 
integrants, 396 
Prednisolone in compressed tablets, 
comparison of methods of assay of, 
580 
the effects 
agents 
553 


antiveratrinic 


ointment 


coating with, 


of some solid buffering 
in aqueous suspension on, 


the kinetics of the base-catalyzed de- 
gradation of, 773 
in tablet formulations, a quantitative 
papergram assay method for, 576 
Preservatives, interaction of, with 
macromolecules |. Binding of para- 
hydroxybenzoic acid esters by Tween 
80, 289 
Procaine penicillin, the assay of, in 
sesame oil by optical rotation, 215 
Procaine penicillin G depot prepara- 
tions, a rheological study of, 667 
suspensions, the effect of vehicle and 
particle size on the absorption, by 
the intramuscular route, of , 661 
Procaine, principles in the spectrophoto- 
metric determination of propoxycaine 
in the presence of, 676 
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Propoxycaine in the presence of pro- 
caine, principles in the spectrophoto- 
metric determination of, 676 

d-Propoxyphene hydrechloride, a note 
on the crystallography, 228 

Propylene oxide and ethylene oxide 
polymers of steroidal compounds, 
surface activity of, 567 

Protein, epidermal, the interaction of, 
with aluminum salts, 509 

Pyrazole, anticonvulsant activity of, 
and of pyrazole with aliphatic sub- 
stitutions at the three position, 70 

Pyridoxine, the microbiological assay 
of, concentration of an alfalfa growth 
factor for Neurospora sitophila and its 
use in, 413 
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Quaternary i d 
the identification and quantitative 
analysis of certain, using ultra 
violet absorpticen spectra, 211 

and several certified dyes, a study of 
the interaction between, 871 

Quaternary ammonium salts, modifica- 
tion of rates of gastrointestinal ab- 
serption of drugs II, 169 

Quaternary salts of 8-(dialkylamino- 
alkoxy) -caffeine, 233 

Quinolines and acridines with amino- 
hydroxyalkylanilino side chains 
Antiamebic agents IV, 82 


Radioactive tracer techniques, the uni 
formity of distribution of phosphorus 
compounds in tablet matrices using, 
628 


Rare earth compounds as potential 
antiperspirants, synthesis and aerosol 
formulation of certain, 29 

Rat heart homogenates, the effect of 
some antihistamines upon the res- 
piration of, 591 

Rauwolfia plants, biosynthesis of C'' 
reserpine by, 280 
uwolfia roots, the reserpine, rescin 
namine, and deserpidine content of, 
625 

Rectal absorption I, 
Preliminary investigations into the 
absorption rate process, 115; 

The absorption of anions, 123; III 
The absorpticn of undissociated 
molecules, 127 

Red corpuscles, the effect of zinc ace- 
tate on, 703 

Rescinnamine, reserpine, and deserpi 

dine content of rauwolfia roots, 625 

the separation and determination of 
reserpine, deserpidine, and, by 
partition column chromatography, 
157 

C'*Reserpine, biceynthesis of, by rau 
wolfia plants, 2 

Reserpine, a note on the extraction and 

fluorescence of some oxidation prod- 
ucts of, 757 

rescinnamine, and ny con- 
tent of rauwolfia roots, 62 

the separation and ccmredantien of, 
deserpidine, and rescinnamine by 
column chromatography, 
1 

Respirometer, small animal, 
a simple, 

Rheological! study of procaine penicillin 
G depot preparations, 66 

ch. anti-inflammatory effects 
of, 313 

Rotation, specific, a note on, and tem- 
perature coefficient, 229 


the kinetics of. 


a note on 


Sages, trichome variability in commer- 
cial, 160 


Salicylamide, acetylsalicylic acid, and 
N-acetyl-p-aminophenol, a com- 
ws of human serum levels of, 

owing oral administration, 477 
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acetylsalicylic acid, and N-acetyl-p- 
aminophenol, comparative phar- 
macological and toxicological evalu- 
ation of , 479 
C'*-carbonyl, the excretion and tissue 
distribution of, in the rat, 542 
Salicylic, acetylsalicylic, and gentisic 
acid in fevered animals, a study of the 
oxidative metabolism of , 602 
Salicylic acid, an inverse isotope dilu- 
tion analysis of, 701 
Saprophytic production of clavine alka- 
oids, some factors influencing the, 
by Claviceps purpurea 
Sarcoma-37, antineoplastic action of 
chemical fractions of the fruit of 
Citrullus colocynthis on, 1 
Sedatives and anticonvulsants, the use 
of microscopic and X-ray diffraction 
methods for the identification of, 
Seeds, a histological study of some muci- 
laginous, 544 
Serotonin, note on sensitivity of the iso 
lated perfused rat uterus to, 535 
Servo-system, an electrolytic 
study of oxidative 
497 
Silica gel, chronic oral toxicity 
ated, 589 
Sodium alginate solutions, the role of 
residual ro in the viscosity 
ef 45 
Sodium iodate end sodium iodide, the 
effect of orally administered, on blood 
sugar response to thiourea in rats, 56 
Sodium iodide and sodium iodate, the 
effect of orally administered, on blood 
sugar response to thiourea in rats, 56 
Sodium phosphate, tribasic, dissolution 
rate of mixtures of weak acids and, 
300 
Solvent systems, the use of an approxi 
mate dielectric constant to blend, 
855 
Sorbitol-boric acid-water solutions, a 
bacteriological evaluation of, 180 
Spectrophotometric chromatographic, 
method for the separation and deter 
mination of colchicine, 359 
Spectrophotometric determination of 
sterols in wool fat, 205 
Sponge, a study of natural, as a disinte 
grating agent in compressed tablets, 
363 
Stability, the effect of pH on 
Tragacanth solution ITI, 695 
heat, determination of the, of me- 
dicinal white oils, 885 
studies as applied to solid formula 
tions, a mathematical interpreta- 
tion of the kinetics of elevated tem- 
perature, 697 
of sulfadiazine sodium injection IV, 
study of. The determination of 
oxygen uptake of sulfadiazine so- 
dium with antioxidants in solution, 
649 
and viscosity, the relation of method 
of preparation to the. Tragacanth 
solutions I, 451 
Steroid esters, spectrophotemetric de- 
termination of, 520 
Steroidal compounds, surface activity 
of ethylene oxide and propylene 
oxide polymers of, 567 
a of epoxide polymers of, 
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and the 
phosphorylation, 


of aer- 


the 


Sterol and content of the 
Labiatae family, 

Sterols in wool the 
metric determination of, 2 

Stress resistance in thymectomized 
rats, 813 

Sulfadiazine sodium injection’ III, 
study of stability of. An investiga- 
tion cf degradation products of sul 
fadiazine sodium, 4 IV. The de- 
termination of oxygen uptake of sul 
fadiazine sodium with antioxidants 
in solution, 649 

Sulfaethylithiadiazole III 
absorption, distribution, and excre 
tion, 136; IV. Steady state blood 
concentration and urinary excretion 
oy following repeated oral doses, 


Sulfamethylthiadiazole : human blood 
concentration and urinary excretion 
data following oral doses, 874 

Sulfur compounds, synthesis and anti- 
fungal studies on new organic, 399 

Sulfur hexafluoride SF «, toxicity studies 
of, in pneumoperitoneum, 197 

Surfactant influence, a comparative 
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study of, on the release of oes from 
ag emulsified ointment base, 

Surfactants, metallic, sy wee Ie and bio- 
testing of, 795 

Suspended pharmaceuticals, a study of 
the effects of ultrasonics on the par- 
ticle size of certain, 309 

Suspension formulation, _some physical 
chemical aspects of , 657 

Suspensions, evaluation of, using elec- 

trokinetic measurements, 104 

procaine penicillin G, the effect of 

vehicle and particle size on the i. m. 

absorption of, 661 
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Tablet color coating with pigments, 849 
Tablet disintegrant, Amberlite Resin 
XE-8S8 as a, 487 
Tablet granulation, a study of the effect 
of lubricant and fines on a, 58 
Tablet matrices, the uniformity of dis- 
tribution of phosphorus compounds 
in, using radioactive tracer tech- 
niques, 628 
Tablets, enteric coated, correlation of 
in vivo with in vitro disintegration 
times of, 681 
medicinal, zein as a film type coating 
for, 608 
a study of natural sponge as a — 
grating agent in compressed, ¢ 
Tachyphylaxis, further studies on /- 
arterenol, in the isolated venus mer- 
cenaria heart, 90 
Temperature coefficient, a note on spe- 
cific rotation and, 229 
‘lerpene series, correlation of molecular 
refraction with structure in the, 62 
Tetracycline antibiotics and some com- 
mercial preparations, nonaqueous ti 
tration of the, 548 
Theophyllinate salt, hypotensive and 
toxicologic properties of the, of H-2 
(N - dimethylaminoethyl - 4 - methyl- 
4,7-endoxyperhydro-isoindole dimeth- 
onium chloride), 260 
Thermistor thermometer and direct- 
reading isotonicity meter, 783 
Thiamine, nonenzymatic destruction of. 
A chromatographic study of the deg- 
radation products, 254 
Thianapthene-2-carboxamides, the syn- 
thesis of some substituted, and their 
antifungal properties, 319 
ketones 
and related compounds, a note on, 895 
Thiophosphoric acid derivatives, syn- 
thesis and investigation of certain 
biological activities of some, 461 
Thiourea in rats, the effect of orally ad- 
ministered sodium iodide and sodium 
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iodate on blood sugar response to, 56 
Thymectomized tats, stress resistance 
in, 
Thymol in colorimetric deter- 
mination of, 13 
Thyme oil, colorimetric determination 
of thymol in, 133 
Thymotic acid, the antipyretic and an- 
algesic activities of , 258 
Thyronine and tyrosine, particularly 
triiodothyronine and thyroxine, an 
identity test for iodinated derivatives 
of, 394 
Thyroxine, an identity test for iodi- 
nated derivatives of tyrosine and 
thyronine, 394 
Tissue cultures, the oxidative metabo- 
lism of certain Krebs cycle acids in, 
of Claviceps litoralis, 220 
dehydration, plant microtechnique: 
a note on rapid, 459 
?-Toluenesulfonate and 4-[2-(5-phenyl) 
oxazoyl) }-1-methylpyridinium chlo- 
ride, the pharmacology of, 401 
Tragacanth, gum, jellies, conditions for 
the preservation of, 23! 
Tragacanth solutions I. The relation 
method of preparation to the vis- 
cosity and stability, 451; III. The 
effect of pH on the stability, 695 
Trasentine in solutions, a procedure for 
the isolation and determination of, 99 
1,2,4-Triazoles, monopheny! substituted, 
the pharmacology of two structurally 
isomeric, 77 
Trichome variability of commercial 
sages, 160 
Triiodothyronine and thyroxine, an 
identity test for iodinated derivatives 
of tyrosine and thyronine, 394 
1,2,3-Trimercaptopropane, separation of, 
from dimercaprol by partition chroma- 
tography, 529 
Triterpene and sterol content of the 
Labiatae family, 731 
een 80, interaction of preservatives 
with macromolecules I. Binding of 
p-hydroxybenzoic acid esters by, 289 
Tyrosine and thyronine, particularly 
triiodothyronine and thyroxine, an 
identity test for iodinated derivatives 
of, 304 
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Ultrasonic energy, the application of, 
to the extraction of belladonna leaf, 
U.S. P., 823 

Ultrasonics, a study of the effects of, on 
the particle size of certain suspended 
pharmaceuticals, 309 

Ultrasound I. A study of dispersion 
with, 32; II, 36 

Ultraviolet absorption spectra, the 
identification and quantitative anal- 
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ysis of certain quaternary ammo- 
nium compounds using, 211 
Ultraviolet radiation, fluorescence of 
powdered vegetable drugs, under, 715 
Undissociated molecules, the kinetics 
of rectal absorption III. The ab- 
sorption of, 127 
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Vaginal jellies, sensitivity to. Correla- 
tion between clinical tests and animal 
tests, 423 

Venus mercenaria heart, further studies 
on /Larterenol tachyphylaxis in the 
isolated, 90 

Virosine, leurosine, perivine: a note oz 
several new alkaloids from Vinca 
rosea Linn. I, 834 

Vitamin A, a photometric determination 
of v itamin D in presence of, 839 

Vitamin By (cyanocobalamin) in phar 

maceutical products, a rapid deter- 
mination of the relative purity of, 
15 

Il. Further studies of the effect of 
ascorbic acid degradation products 
on cyanocobalamin, 42 

in the presence of vitamin B; and 
niacinamide in aqueous combina- 
tions, 356 

Vitamin D determination by a chemical 

method involving chromatography 
and color inhibition, 385 

a photometric determination of, in 
presence of vitamin A, 839 
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Water disinfectant, the use of active 
iodine as a, 417 

Wool fat, the spectrophotometric deter- 
mination of sterols in, 20! 

Wy-1395, studies on the antihyper- 
tensive action of N-dimethylamino- 
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For Hundreds of 
Leading Cosmetics 
and Pharmaceuticals 


STARTS 
HERE 


PETAGLATUM 


The extraordinary stability of Penn-Drake Petrolatums 
guards hundreds of the finest cosmetics and 
pharmaceuticals against deterioration. Other useful 
characteristics: highest order of uniformity and 
pharmaceutical elegance; extreme smoothness of texture; 
freedom from taste and odor; all colors U.S.P. grade 
from Super White to Amber. 


Write for Bulletin 


Penn-Drake® PETROLATU MS 


PENNSYLVANIA REFINING COMPANY 
Rene BUTLER, PENNSYLVANIA 


“presucte™ Branches: Cleveland, Ohio and Edgewater, N. J. 
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SIGNIFICANT COMPONENT IN NEW GERIATRIC 
AND LIPOTROPIC FORMULATIONS 


An important lipotropic agent, Inositol N.F. 
is helpful in regulating the metabolising of 
fat and cholesterol in the body. Far reach- 
ing studies of this naturai-occurring Vita- 
min-B complex ingredient have revealed an 
important discovery — whether used alone 
or with certain vitamins, Inositol N.F. is 


synergistic with other lipotropic agents. 


Thus, it becomes a significant factor in many 
pharmaceutical preparations. It is also a 
constituent of an important class of phos- 
pholipids. 

Your investigation of this prime ingredi- 
ent for your therapeutic formulations ts 
invited. Our technical staff will be happy 


to work with you on formula development. 


“Fine Chemicals from Corn” 
o*™e, ine micals from Corn 
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